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INTRODUCTION

The infrasonic observatory at Windless Bight, Antarctica was

operated continuously during the period of 1 October 1981 to 30

September 1982 as covered by this report. The infrasonic micro-

phone outputs from a four sensor long period (10 to 100 sec) array

and a three sensor short period (1 to 10 sec) array were digitized

(at 1 Hz and 4 Hz respectively), recorded and analyzed in real-time

by the digital data acquisition and analysis system as described hy

Spell et al., in our proaress report GIR 82-1 entitled: Antarctic

Digital Infrasonic System Uporade". Analoaue chart and slow speed

mannetic tape data were also recorded for backup purposes

The diaital magnetic taoes for the period nf this report are

archived at the Geophysical Institute of the University of Alaska

beqinning with tape M81-35, 2319 - 24 September, 1981 to 1228Z -

1 October 1981 to tape M81-51, 0517Z - 26 December 1981 to 0807Z -

I Janaury 1982, for 1981 and for 1982 beginning with tape M82-1 0815Z -

1 January 1982 to 2036Z - 7 January 1982 to tape M82-47, 0328 26 September

1982 to 05Z 2 October 1982. Infrasonic summary reports of all signals

with correlation coefficient greater than 0.50 have been sent from

Antarctica to the Geophysical Institute by telex for each diqital tape

beginning with M82-2 0459Z 4 February 1982 to 0134Z 10 February 1982.

Copies of these infrasonic signal reports for each dlqital tape have

been sent to Mr. William J. Best at AFOSR/NP at Bolling Air Force Base.

After initial electrical noise interference prohlems were corrected

at the equipment building in McMurdo station in early February 1982 there
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was no significant data loss for the infrasonic system. During the

winter night the Aurora microphone oscillator failed out in Windless

Bight. The winter-over operator, Bruce McKibben, made a trip out to

the microphone array by tracked vehicle on July 17 to replace the

faulty oscillator and recalibrated the Aurora microphone.

During the winter night period in Antarctica, Bruce McKibben,

adapted the off-line analysis and filtering software that had been

developed at the Geophysical Institute on a large virtual memory

computer (the VAX 1778) for use on a much smaller and slower computer

the POP I1/03 that is used in our system at McMurdo station. This off-

line analysis software is reproduced in section III of this report.

Training of the new winter-over operator, Kathleen Driscoll, began

in July 1982 at the Geophysical Institute and continued in Antarctica

under the guidance of Mr. McKihben on ite through November 17th when

he left McMurdo station for home. Kathleen Driscoll is an electronic

technician with 12 years experience at the University of Alaska and at

remote sites in the Canadian arctic.

In Section 1 of this report, Jefferson Collier, a graduate student

working on the analysis of Antarctic infrasonic data, describes the

results of the analysis r' ;.,crobarom data from the short period micro-

phone array at Windless Bight for all 1981 data. Mr. Collier is support-

ed by NSF/DPP under grant number DPP 8120794 for the analysis of Antarctic

microbarom data.

In Section II, Dr. John Olson describes the results of his research

on infrasonic data analysis as presented at the European Geophysical

2
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Society meeting at Leeds, England in August 1982 at a special symposium

on the "Filterina Analysis in Geophysics" that Dr. lson was asked to

chair because of his extensive contributions in this field. His paper

as herein reproduced is titled: "Signal Detection in Scalar Arrays:

Application of Adaptive, Pure-State Filters to Infrasonic Array Data".

Looistical support for the Antarctic infrasonics program has been

aiven by the Division of Polar Programs of National Science Foundation

under a three year grant number DPP 81-21669.



SECTION I MICROBAROM ANALYSIS

1. INTRODUCTION

Infrasonic waves from marine storms have been recorded at Windless

Bight, Antarctica since September 1980. These waves, commonly called

microbaroms, have characteristic periods of 3-8 seconds, amplitudes of

0.1 to 10 mlcrobars (dyne/cm) and are generated by standing waves in

areas of intense marine weather (Postmentier, 1967). This report will

deal with the analysis of microbaroms recorded during 1981.

During 1981 256 days of continuous digital infrasonic data was

recorded onto nine-track maqnetic tape usinq a system described by Spell

and Wilson (1980). The tapes were later analyzed using a VAX 11/780

computer usina digital data analysis methods including a data-adaptive

pure state filter or pure filter (Samson and Olson, 1981). The use of

digital system alone has given a large increase in the number of coherent

signals detected. The use of the pure filter enables us to detect co-

herent signals 16 db below the ambient wind noise level. This has result-

ed in a further 8-fold increase in the number of coherent signals detected.

There are four areas near Windless Bight that generate microbaroms,

the Ross Sea, the Bellingshausen Sea, the Weddell Sea and the South

Indian Ocean (see Figure 1). Of these four areas, the Ross Sea and the

Bellingshausen Sea were the most dominant. We detected microbaroms from

the Ross Sea area primarily in the austral summer, while microbaroms from

the Bellingshausen Sea were detected primarily in the austral winter (all

seasons referred to will be austral seasons). The absence of microbarom

signals from the Ross Sea in the winter can be related to the sea ice

cover of the Ross Sea. The microbaroms detected from the Bellingshausen

4



Sea seem to have been generated by large storms that are not present

during the summer. The microbaroms detected from the Weddell Sea and

the southeast Indian Ocean seemed to be generated by large individual

storms that are not regular features of those areas.

From the variations in the average trace velocity as a function of

azimuth of arrival of the incoming microbarom signals we can estimate the

yearly and seasonal variations of the stratospheric winds over Windless

Bight. Hourly variations in the average trace velocity from the Ross Sea

in the summer indicates the presence of a 24-hour component tidal wind in

the stratosphere over Windless Bight.

2. PROCEDURE

The infrasonic data was collected using a three element, capacitor

microphone array with intra-microphone spacing of approximately one half

the expected wavelength of microbaroms (1800 m). Daniels type noise re-

ducing pipes were used to suppress wind noise for each microphone in the

array (Daniels, 1959). The signals were converted into 4096 discrete

levels every 25 seconds and recorded on nine-track magnetic tape in two

minute data blocks. The data was later analyzed on a VAX 11/780 computer.
p

Cross-correlations were performed between all station pairs to estimate

the time it takes a signal to propagate between each microphone pair. The

horizontal trace velocity (local sound speed divided by the sin of the

angle between wave normal and vertical) and azimuth of arrival were calcu-

lated usina a least-snuares estimator (McGowan and Flinn, 1970). The two

minute data blocks were then pure filtered and the time domain analysis

was repeated to obtain a new estimate of the trace velocity and azimuth
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of arrival. The coherence between signals is Judged by calculating the

cross-correlation coefficients hetween all sianal oairs. A sianal was

Judged to be a coherent wave if all correlation coefficients were areat-

er than A.

3. THEORY

If we assume a horizontally stratified atmosphere then Spell's

law of sound is given by,

c/sin$ + W = VT = constant

where c, *, W, VT are the speed of sound, the anqle between vertical

and wave normal, the horizontal component of wind in the direction of

wave propagation and the measured horizontal trace velocity, respectively.

At the reflection layer 0 = 900 5o

Vr = Cr + Wr

where the subscript r denotes quantities at the reflection layer. If we

assume that the winds at the reflection layer are constant over the area

of microbarom reflection then the trace velocity as a function of azimuth

is given by

V() = Cr + Cos (4m)

where 0 and om are the azimuth from which the wave is propagating and t

the azimuth from which the wind is flowing. V-denotes the magnitude of W.

A sound channel is created when the speed of sound in the upper

*atmosphere excedes the speed of sound on the surface. There are two sound
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channels in the upper atmosphere (Diamond, 1963) in the upper stratosphere

P around 50 km and in the lower thermosphere around 110 km. Donn and Rind

(1972) showed that for microbaroms reflecting in the lower thermosphere

the amplitudes of the microbarom siqnals exhibit a stronq semidiurnal

fluctuation due to the presence of the semidiurnal tidal wind in the

lower thermosphere. Microbaroms reflecting in the thermosphere suffer

increasing energy dissipation with height. The semidiurnal tidal wind

will cause the reflection level of microbaroms to increase or decrease

thus,4av1~-l-ore or less wave attenuation. However, when microbaroms

7'reflect at a lower level in the stratosphere there is little periodic

t amplitude variation. This difference in microbarom amplitude variation

characteristics will allow us to tell whether the microharoms are reflect-

ing in the stratosphere or in the lower thermosphere.

4. TEMPERATURE AND WIND OVER ANTARCTICA

In the last section we showed that the propagation of microbaroms is

dependent upon the vertical temperature-wind profile in the upper

atmosphere. Figure 2a, b shows the CIRA 1966 model of atmospheric

temperature as a function of height and latitude for January or July and

April or October. We will use these months to represent the four seasons

winter and October-austral sprina), so the maximum temperatures in the

stratosphere over Antarctica for summer, fall, winter, and sprinq are

290°-3OnO, 2Sn°-290N, 250o-26Oo, and 270°-280* (in dearee kelvin) respect-

ively. From sea ice maps (Figure 3) and surface isotherm maps for summer

and winter (Figure da, b) we can see that the temperature of the surface

of the antarctic oceans is around 2730K. Therefore in the spring, summer,

7
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and fall there can be a stratospheric sound channel due solely to

temperature differences between the surface and the stratosphere. To

further understand the propagation of microbaroms we must look at the

vertical wind structure.

In the thermosphere the semidiurnal tidal wind will cause a 12-hour

variation in the amplitudes of the microbaroms that reflect In the thermo-

sphere. In the stratosphere we must examine the effects of the prevailing

wind, the diurnal tidal wind and the semidiurnal wind on microbarom propa-

qation. Figure 5a, b shows the 1966 CIRA model of zonal winds as a

function of heioht and latitude for January or July and April or October.

We aqain make the approximation that these months represent each of the

four seasons. In summer (January) there are easterly winds of 10 to 20

meters per second in the stratosphere as shown in Fiqure 5a. In fall

(April) winter (July) and sprino (October) there are westerly winds of

O to 20 meters per second. These stratospheric winds together with the

seasonal variations in the temperature profile of the stratosphere will

determine when there is a sound channel in the stratosphere. In the

summer there should be a sound channel in the stratosphere except for

sound waves traveling from west to east. In spring and fall there should

be a stratospheric sound channel except for waves propagatinq from east

to west. During the winter there is a sound channel in the stratosphere

for waves propagatina from west to east only.

An obvious drawback to the CIRA 1966 model is the lack of information

on the meridional component of the stratosphere winds. Ficure 6 shows

zonal and meridional winds derived from rocketsonde data from Mcurdo,

Antarctica (1062). As can he seen there is a stronc component meriional

flow.
8



The amplitude and phase of the diurnal tidal wind as a function

of height and latitude as given by Chapman and Lindzen (1970) is shown

in Figure 7a. b. The amplitude of the diurnal wind at 50 km for 75 South

latitude is around 5 meters per second with a maximum southerly wind at

0000 local time with nearly constant phase as a function of height. The

amplitude and phase of the semidiurnal tide as aiven by Chapman and

Lindzen (1970) is shown in Figure 8a, b. The amplitude of the semidurnal

wind at 50 km altitude is around 2-3 meters oer second.

5. RESULTS

The distribution of number of signals as a function of azimuth of

arrival for each season durina 1981 is shown in Figure 9a, b, c, d. From

these distributions we can see that there are four dominant source areas

for microbaroms observed near Windless Bight (see Figure 1), the Ross Sea

(00 - 600), the Bellingshausen Sea (850 - 1600), the Weddell Sea (1600 -

2000) and the southeast Indian Ocean (3000 - 3600). In the summer we re-

ceived signals mainly from the Ross Sea and the southeast Indian ncean, in

the fall from all four areas, in the winter mainly from the Bellingshausen

Sea, and in the spring from all but the southeast Indian Ocean.

The microbaroms from the Weddell sea area were received primarily

during the second week of March and the last two weeks of September. The

lack of sianals during the rest of the year cannot be explained by the

stratospheric zonal wind patterns given in Section 4. As can be seen in

Figure 1 the propagation path for microbaroms from the Weddell Sea to

Windless Bight is perpendicular to zonal winds. Since transverse wind

should not effect the sound channel this leads to the conclusion that the

9
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microbaroms from Weddell Sea were generated by large storms that are not

usually present in that area. Also, as we will show later our data sun-

nests that there is a strong meridional wind flowing from Windless Bight

towards the Weddell Sea. A strong stratospheric wind flowing from

Windless Bight towards the Weddell Sea would eliminate the stratospheric

sound channel from that direction. Without a stratospheric sound channel,

microbaroms would propagate into the thermosphere and suffer energy dis-

sipation and then only if the initial amolitude of the microbaroms was very

high could they he detected at Windless Bight.

The microbaroms from the southeast Indian Ocean were received during

five different weeks during 1981, three weeks in the summer, and one week

in both the fall and winter. Durinq the winter and fall according to the

CIRA model there should be a stratospheric sound channel from the south-

east Indian Ocean to Windless Bight and according to our estimate of the

stratospheric winds there should be a stratospheric sound channel during

the sprino, summer and fall. Again as with the microbaroms received from

the Weddell Sea this leads to the conclusion that there was not a regular

sou-ce of microbaroms from the Southeast Indian Ocean and they were genera-

ted by large storms that are not a regular feature to that area.

The number of sionals observed per month for the Ross Sea area and

the Bellingshausen Sea area is shown in Figure 10. We should point out

that the microphone array was offline during the last two weeks of June

and during all of July. This is the reason for the absence of signals

detected durinn those two months. The number of signals from the Ross

Sea area was areatest in the summer and falls off rapidly during March

(fall). icrobaroms are generated by standing waves on the surface of

10
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the ocean. The sudden drop in the number of signals detected from the

Ross Sea in March suaoested that the freezing over the Ross Sea may
I

he the cause of this decrease. As we saw in Figure 3 the Ross Sea is

covered by sea ice during the winter and free of ice the summer. Weekly

sea ice maps for 1981 show that the Ross Sea had total sea ice cover
first in the middle of March.

The high number of signals from the Ross Sea area in the summer can

he attributed to the relatively short propaaatinn path lenoth from the

Ross Sea to Windless Bight (horizontal distance - 300 kin). Ray tracinn

routines have been used to show that it takes only one reflection in the

stratosphere for a sound wave from the Ross Sea to reach Windless Biaht.

Using a similar argument the absence of signals from the Bellingshausen

sea area during the summer can be attributed to the long acoustic path

* length from the Bellingshausen Sea to Windless Bight (horizontal distance

- 300 km). The increased number of signals from the Bellingshausen Sea

during winter was probably due to large storm systems that develop in

that area in winter.

The hourly variations of the rms levels for microbaroms from the Ross

Sea and Bellingshausen Sea areas averaged over 1981 is shown in Figure 11.

Note that the pattern for the microbaroms from the Bellingshausen Sea have

a 12-hour variation while there is a 24-hour variation for the signals

from the Ross Sea. The 12-hour variation in the rms level of microbaroms

from the Bellingshausen Sea supoests that microharoms from that area were

reflecting in the lower thermosphere. This is in agreement with the wind

and temperature profiles discussed earlier.

11



The 24-hour variation in the rms level for microbaroms from the

Ross Sea area can he explained by the presence of a diurnal wind in
I

the stratosphere over Windless Bight. From Equation 2 we can see that

a diurnal wind in the stratosphere will cause a diurnal variation in

the maximum trace velocity reflected in the stratosphere. This will

then cause a diurnal variation in the amount of wave energy reflected

in the stratosphere. Figure 12 shows the average trace velocity per

hour averaaed over 19PI of microbaroms from the Ross Sea. This shows

a 12 meter per second variation over 24 hours. The amplitude and phase

of this variation agrees well with the theory given on the diurnal tide

earlier. There was no indication in the microbarom data of the presence

in the microbarom data of a semidiurnal tidal wind in the stratosphere.

This is probably due to the low amplitude of the semidiurnal tidal wind

in the stratosphere.

The average trace velocity as a function of azimuth for 1981 is shown

in Figure 13. This variation in the trace velocity for microbaroms from

different directions is a result of the variation of the stratospheric

winds and the level of wave reflection that occurs along different propa-

gation paths. The maximum trace velocity of 379 meters per second for

microharoms from an azimuth of 3400 occurred when the acoustic raypaths

were parallel to the stratospheric winds. The minimum trace velocity of

327 meters per second from 1250 occurred for microbaroms that were re-

flected in the thermosphere because the stratospherlc sound channel was

closed. Microbaroms with high trace velocities that were reflected in

the thermosphere would suffer more dissipation than microbaroms with

lower trace velocities (Donn and Rind, 1972). Assuming a scaler sound

12
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speed due to temperature alone of 340 meters per second in the strato-

sphere over Windless Bight then the average stratospheric wind would

equal the maximum average trace velocity minus the scaler sound speed.

This allows an estimate to he made for 1981 of the average stratospheric

wind over Windless Bight of at least 39 meters per second from an azimuth

of 3400. We also looked at the variation of the averaae trace velocity

as a function of azimuth of arrival for each season. For the winter

season there was not enough variation in the azimuth of arrival of the

microbaroms to compare to the other seasons. There was little variation

in the average trace velocity as a function of azimuth of arrival between

the three seasons, spring, summer and fall.

. CONCLUSIONS

The use of a digital-data acquisition system has allowed us to detect

many more infrasonic signals than with an analog system. We receive

microbaroms from four different areas, the Ross Sea, the Bellingshausen,

the Weddell Sea and the southeast Indian Ocean. Of the four source areas,

the Ross Sea and the Bellingshausen Sea are the most dominant source of

microbaroms, as observed at Windless Bight. The microbaroms received

from the Weddell Sea and the southeast Indian Ocean seem to be generated

by larue storms that are not reaular features of those areas system.

Variations in the number of microbarom signals from the Ross Sea area

were shown to he caused by the freezino over of the Ross Sea. Semi-

diurnal variations in the rms levels of signals from the Bellingshausen

Sea indicate that the waves from that area were reflecting in the lower

13

13

I



thermosphere. The diurnal variations of the average trace velocity and

the rms level of the microharoms from the Ross Sea area indicate the

presence of a diurnal wind over Windless Bight with a maanitude of over

5 meters per second. The variation of the averane trace velocity as a

function of azimuth for 1981 indicates that the average stratospheric

wind over Windless Bight was from 3400 and had a magnitude of greater

than 39 meters per second. The diurnal wind suggested by the diurnal

variations of the rms level and average trace velocity of microbaroms

from the Ross Sea agrees well with Chapman and Lindzen (1970). The

average stratospheric winds estimated were quite different from the CIRA

1966 model. The CIRA 1966 model has seasonal changes in the direction

of the zonal winds, while we observed no change in direction for three

of the four seasons. Also, the CIRA model gives no information on the

meridional component of the stratospheric winds and we detected there

to be a large meridional component to the stratospheric wind over Windless

Bight.
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FIGURE CAPTIONS

Finure 1. A map of Antarctica showino Windless Bight and the four source
reqions for microbaroms for Windless Bight, the Ross Sea, the
Bellinashausen Sea, the Weddell Sea, and the southeast Indian Ocean.

Figure 2a. Temperature (in degrees kelvin) as a function of heipht and
latitude as given by the CIRA 1966 model for the months of January
and July.

Figure 2b. Same as Figure 2a except for April and October.

Figure 3. Average ice pack for Harch (minimum) and September (maximum).

Figure 4a. Mean surface isotherms (in degrees celsius) for the month
of January.

Figure 4b. Same as Figure 4a except for July.

Figure 5a. Mean zonal winds as a function of height and latitude as
given by the CIRA 1966 model for the months of January and July.
Positive winds are westerly winds.

Figure 5b. Same as Figure 5a except for April and October.

Fiaure 6. Meteorological rocket sounding data for McMurdo Station
from 27 September 1962. Derived winds as a function of height
are given on the left. Zonal winds are given by the dashed line
and meridional winds by the solid line.

Firure 7a. The amplitude of the solar diurnal wind as a function of
height, given at 15 intervals in latitude. After Chapman and
Lindzen (1970).

Figure 7b. The phase of the solar diurnal wind (hour of maximum) as a
function of height, given at 15 intervals in latitude.

Figure Ba. The amplitude of the solar semidurnal wind as a function of
height, given at various latitudes. After Chapman and Lindzen (1970).

Figure Bb. The phase (hour of maximum) of the solar semidiurnal wind as
a function of height, given for various latitudes.

0 Figure 9a. The number of signals as a function of azimuth of arrival for
the months of January, February and December.

Figure 9b. Same as Figure 9a except for March, April and May.

16
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Figure 9c. Same as Figure 9a except for September, October, and

November.

Figure 10. The number of signals per month for the Ross Sea (solid

line) and the Bellingshausen Sea (dashed line).

Fiqure 11. The RMS level per hour (UT) for the Ross Sea (solid line)

and the Pellinqshausen Sea (dashed line).

Figure 12. The average trace velocity of microbaroms from the Ross

Sea per hour (UT).

Figure 13. Horizontal trace velocity as a function of azimuth for
1981.
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SECTION 2: SIGNAL DETECTION IN SCALAR ARRAYS:

APPLICATION OF ADAPTIVE, PURE-STATE FILTERS TO INFRASONIC ARRAY DATA*

*A paper presented at the Symposium on Signal Processing,

European Geophysical Union, Leeds, Endland, 1982.
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Introduction

The Geophysical InstLtute of the University of Alaska operates an array

of seven infrasonic microphones at Windless 3ight, Antarctica. The micro-

phones are arranged in two nested arrays as shown in Figure I to provide both

long period and short period signal detection. After band-pass filtering at

frequencies appropriate to each array the signals are digitized and logged on

magnetic tape by a DEC LSI-11 microcomputer. Details of the microphones,

filter and digital recording systems are described in a report by Spell et al.

which is available upon request from the Geophysical Institute, University of

Alaska.

The search for signals in the infrasonic data is carried out both in

real-time and off-line analyses by a microcomputer. Real-time analysis is

performed by the microprocessor while it waits to log incoming data values.

In this mode it performs cross correlations and searches the raw and pure-

filtered data for signal arrival azimuth and velocity. Off-line analyses are

carried out on other computers to re-examine the detected signals and quantify

their parameters using a variety of signal analysis routines.

I. Adaptive, Pure-State Filters

The construction of data-adaptive, pure-state filters and their

application to a variety of data types from geophysics along with references

to the development of the technique has been given by Samson and Olson (1981);

one application to long period infrasonic data has * een given by Olson

(1982). Briefly, the technique can be outlined symbolically as follows:

consider the time sequence from the It h microphone, xi(t). It may be grouped

together with the sequences from N microphones to form the vector
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x(t) -(x 1 (t) , x 2(t), . .. N W ))T ( )

where T represents the transpose of the vector. Computing the Fourier

transform of x(t) we obtain the frequency domain vector

X(W) - (Xl(W), X(W), ... X(W)) . (2)

From this we may obtain an estimate of the spectral matrix

S(W) - <X(i) X( )+> (3)

where < > represents an average in the frequency domain and + represents the

complex conjugate transpose operation. The spectral matrix at frequency w is

an Hermitian matrix whose real eigenvalues, ai' represent the signal power.

Its eigenvectors, ai, represent various signal states contained in the sampled

data sequence. If only one eigenvalue a, is nonzero and the rest are zero

then the signal is described exactly by the pure-state eigenvector a (W).

Samson (1973) has shown that an estimator of the degree to which a spectral

matrix approaches a pure-state is given by

P(w) - N(TrS2 (W) - (Tr S()) 2  (4)
(N - 1) (Tr S())

2

where Tr is the trace operation, N is the number of data channels. P(w) is a

scalar, 0 P(M) 1 and P(M) - 0 indicates an uncorrelated noise sequence and

P(w) - I indicates a pure-state signal sequence. P(w) is an estimator of the

multivariate coherence of the data and is derived from rotational invariants

of the spectral matrix.
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Now, observe that P(w ) is a scalar sequence in the frequency domain

which represents the degree to which the signal variance at each frequency can

be described by a unique elgenvector state. As such, P(w) may be used as a

filter to modulate the spectrum. That is, we may achieve a filtered sequence

as

W ~t f Xi(w) P( e +JWt df (5)

Since P(M) is derived from the data themselves it is truly an adaptive

filter.

Tests of the filter performance using infrasonic data have shown that

signals can be detected 15 to 20 db below the noise (Olson, 1982). In

practice, when implemented in the real-time data analysis procedure in

Antarctica the number of events detected using pure-filtered data increased by

more than an order of magnitude compared with the number detected in the

unfiltered data. An example of the improvement in signal statistics achieved

with pure-filtered data is shown in Figure 15. We have plotted a histogram

showing the number of mountain-associated infrasonic waves arriving from

various azimuths. Here we have evidence of two strong sources at 140* and

340" azimuth. Note that there are over 500 events recorded. No mountain-

associated waves were observed in the untreated data. The signal levels were

generally low enough to escape traditional least-squares event detection based

upon bivariate correlations.

III. Pure-Filtering and Beam Steering

Data sequences from scalar arrays which contain the arrivals of plane

wavefronts may be analyzed and filtered using the phase information implicit
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in the lagged arrival of the plane wavefront at each sensor. A great deal of

work has been carried out in this area and is summarized in the book Adaptive

Arrays by Monzingo and Miller (1980). In essence, the time delay between

arrivals of a wavefront at two microphones separated by the vector, _ij is

given by Tij _I. s* j where s is the slowness (inverse of velocity) of the

wave with direction parallel with the wave motion. The set of delays Tj

transforms to a set of phase differences 0 j" Classical beam-steering

detectors can be written in this notation as

D(w) - b+ S)b (6)

where D(w) is a scalar amplitude which results when the spectral matrix S(W)

is projected upon the subspace B - b b+, and b is the vector of phases

-12 -t13 -tI N) T(7

The efficacy of the beam-stearing algorithms may be increased dramatically by

pure-filtering the data prior to the application beam-steering algorithm. We

have found that the problems in signal detection and parameterization are

eased through the increased contrast in signal to noise provided by the pure-

state filter. Figures 16 and 17 show a signal detected in slowness-frequency

(S-e) space using beam-steering techniques; the enhanced contrast provided by

the pure-filtered data is easily seen.

IV. Approaches to Anisotropic Noise

We assume in all of our analyses that the noise is stationary in time.

This has proven to be a reasonable assumption in the analysis of infrasonic
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data, at least over intervals of a few tens of minutes. However, it is often

the case that the noise is not isotropic in amplitude across the array of

microphones. In this case, the pure-filter Is ineffective since the noise

field itself becomes an identifiable signal state which is different from

isotropic noise.

We have approached the problem of anisotropic noise using two techniques

which we have found equally successful. The first, and simplest, is to adjust

the data sequences to unit variance prior to pure-filtering. In essence, we

have spatially "prewhitened" the data.

In our second approach we have incorporated a suggestion by Cox (1973).

If we can identify a data sequence which is free of signal and thus represents

only noise, the characteristics of the noise may be represented by its

spectral matrix g(w). This can be used as a metric defining the "noise

space". If the noise is stationary in time, the signal will be imbedded in

the noise field Q(W). In order to minimize the effects of anisotropic noise

the information in the spectral matrix may be projected on a subspace where

the noise appears isotropic. This is performed by carrying out the

transformation

s I-1/2 S -1/2

However, if the signal being sought is itself substantially orthogonal to the

subspace being used, the method may not yield any increase in signal to

noise. There is no a priori method by which to judge the efficacy of this

approach. One must simply try and judge the results accordingly.
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V. Summary

While we use a wide variety of signal analysis techniques in our search

of events in the infrasonic data from Antarctica we have found the performance

of each is improved when the data are pure-filtered prior to analysis.

Further, because of the generality of the pure-filter in rejecting isotropic

noise fields independent of their spectral content, it is the only process

which we allow to operate on the data in real-time analyses. We have found

the number of signals detected has increased by more than an order of

magnitude Using pure-filtered data and in the off-line analysis the efficacy

of every subsequent analysis technique is enhanced.
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FIGURE CAPTIONS

Figure 1. The University of Alaska infrasonic microphone array at
Windless Bight, Antarctica. The cluster of microphones
comprise two nested arrays with spacing appropriate for
short period and long period signal detection.

Figure 2. The number of mountain associated infrasonic waves
detected at Windless Bight, Antarctica during 1981 as a
function of azimuth. These signals were not detectable
in the records prior to pure-filtering.

Fiaure 3. A slowness-azimuth diagram showing a signal detected by
the F-array and its echos in the array sidelobes. The
signal is present in the main lobe of the array at a
slowness of 3 sec/km and an azimuth of aproximately 2100.
This diagram was generated from the raw microphone data.

Figure 4. A slowness-azimuth diagram of the signal described in
Figure 16 after pure-filtering the data. Mote the in-
creased signal-to-noise contrast when compared with the
pattern in Figure 3.
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ANTARCTIC F-ARRAY
DEC. 15,1(980
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ANTARCTIC F-ARRAY
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SECTION III- SOFTWARE DEVELOPED FOR INFRASONIC SIGNAL

PROCESSING ON THE PDP 11/03
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DATA RETRIEVAL PROGRAMS

These programs were written by Dave Spell and Bruce McKibben to scan or
recalcula e the data tapes created byRTGAIW (revisions 10 or later).
These programs use the. routines in R LIB and the MACRO routines in
MACLIS. These programs may be found on disks labeled SCAN FILES.

AZSCAN A program which scans the tape for blocks within the user
s ecified azimuth range. The user specifies a ininmu.m RHC and
D&LTA RHO.

READ. A pro gam which reads and recalculates the data from a tape.
An option is made available to the user for tweaking the
polarization filter. In F array analysis, READ will give valie
results for the first block calculate d provided that the start
block is at least four more than the current position of the
tape.

RPTSCN A program similiar to SCAN, but with an output in the form of
an Inlrasonics Report message. The output goes to FTNI9. DAT.

SCAN A grogram which scans the tape for all blocks with RHO or DELTA
RHO greater than the user specified minimums.

SCNTWK A pro ram similiar to READ, however, only the post-filtered
time domain analwsis is performed, and output is printed only
for those blocks with RHO greater than user specified minimums.

STATS A program to scan one or more tapes and give the average values
of the statistics for each channel.
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CI******tZJ** AZSCAN .FOR .
C
C Date of revision: 4-Nov-82
C

PROGRAM AZSCAN
C
C PURPOSE
C To scan a tape for blocKs of interest within a user, spe(-ificd
C azimuth rance.
C
C USAGE
C RUN AZSCAN
C
C INPUT PARAMETERS
C YEAR - A two digit integer
C FTB - Selects F arrav, T arrav, or Both arrays
C RHOMIN - Minimum average correlation coefficient for hlc,-k- of
C interest (default 0.7 if *T, 0.5 if F)
C VIFMIN - Minimum chan.gt in averae correlation coefficient aft-r'
C Polarization filtering (default 0.2)
C STATS - If Y is entered, statistics will. be printed for epeh
C block of interest
C ALL - If Y is entered, data for all blocKs in rarjse will
C be Printed. Otherwise, onli the first and 1ast.
C AZMIN - Minimum value of azimuth rang-e (0. AZMIN 3. 0.
C AZMAX - Maximuat value of azimuth range (0 . A*ZMAX 360)
C VELMIN - Minimum value of velocity ransie (default 250. )
C VELMAX - Maximum value of velocity range (default 700. )
C START - Integer value of first block to be scanned
C STOP - Integer value of last block to be scanned
C
C REMARKS
C When the azimuth range includes 360. de rees, it is acceet . I e
C to enter a value of AZMIN that is larger than AZMAX, i.e.
C AZMIN=345. and AZMAX=25. covers the range including 360, res
C
C LIBRARIES REQUIRED
C REDLIBMACLIBSY:FORLIB
C
C METHOD
C The program scans the trailer data of the tape startin.§ at. START.
C If the value of RHO is .reat.er than RHOMIN or the change in RHO
C is greater than DIFMIN, then the Program checks to see if th.
C signal is within the specified azimuth range. If soy the anelvsis
C data (and statistics if renuested) are Printed. When the last
C block (STOP) is ready the average values of the analysis dat.
C are Printed. The Pro!gram then allows for another scan.
C

COMMON /MTBLK/ IDNSTYIPARTYISTATU(12)
DIMENSION IWKSPC(2168),IMPONG( 100)
COMMON /TRAILY/ IMPING(2068),FVELOC,FAZIMFFVEVARFAZVARIFSTAT,

CFMU(4),FPSI(4),FRHO(6),IFMAX(4 ),IFMIN(4 ),IFSPflXFRHOVX,FVELOX,
(FAZIMXFVEVAX,FAZVAXTVELOCTAZIMFTVEARTAZVARITSTAT,TM: 3 ),
CTPSI(3),TRHO(3),ITMAX(3),ITMIN(3),ITSPOX,TRHOVX,TVE.OX,)AZiMX,
S'rVEVAX, TAZVAX

* DIMENSION IHEADR(20),IHEAI2(20),IHEAI(20)
DIMENSION FSIGMA(4),TSIGMA(3)

C
DATA IZER0/O/,FOUR/1HF/,THREE/1HT/,BOTH/1HB/
DATA XNO/1HN/,YES/1HY/,INO/-1/,'[YES/l/



C 0
CC Program and mag tap-e initialization arr,
C

100 TYPE 10
TYPE 193
ACCEPT 19t.JYEAR

C
102 CALL MTINIT(IUNIT)

IF (ISTATU(1) .NE. IYES) STOP
C
110 IGFLAG = INO

TYPE 11
P ACCEPT 12PARRNBR
C

TYPE 18
ACCEPT 14fRHOMIN
TYPE 171
ACCEPT 14r,1OFMIN
IF (RHOMIN .NE. 0..) GO TO 111
IF (ARRNER E.E THREE) RHOMIN=0 .7
IF (ARRNBR -EQ. FOUR ) RHOMI?=0.5
IF ((ARRNEtR .NE. THREE) .AND. (ARFNBR .NE. FOUR)) GO TO 110

ill IF (tIIFMIN .EQ. 0. ) PIFMIN:=0.2
C

TYPE 14
ACCEPT 12PSTATS
TYPE 15
ACCEPT 12YALL

C

C Average v~alues initialization area
C

TYPE 177
ACCEPT 178P AZNINPAZ'MAX
TYPE 179

t ACCEPT 1789 VELMINYVELtiAX
IF (VELMIN .EQ. 0.) 'ELMIN=25O.
IF '(VELMAX .EQ. 0..) VELMAX=700.
AZM:ENP=AzMIN~
IF (AZMIN.GT.AZIAX) AZMIN=AZMI4-360.
ITNUM=0

0 IFNUM=O
ITSET=0
IFSET=O
TRT=O.
FRI =0.
TAZT=0.

0 FAZT=O.
TCZT=0,
FCZT=O.
TV = 0.
FVT=0.
TCVT=O.

0 FCV*T=0.
TIRT=O.
FIR"T=0.
TMDRT=O.
FMIERT=O.



C
C Tape read and average values calculation area
C

200 TYPE 190
ACCEPT 19, ISTART, ISTOP
IF ( ISTART *EQ. 0) ISTART = 1
IF (ISTOP *Et. 0) ISTOP = 10000
ISTOPR =ISTOP + 2

C
DO 243PI =2067P2168

243 IMiPINQ( I) = 0
C

t 209 DO 24591 1,I100
t1 =I I + 2068
245 fIMPONG( I) IAWING( I I

C
IF ( IGFLAC *EQ. IMES3 )CO TO 201
CALL REfITAP( IUNITli'iPINC,4REYTISTATU)

f IF (ISTATU(1) *EQ. IYES) GO TO 205
CALL IMTSTAT(IUNIT)
IF ( ISTATLJ( 3) *ED. IYES ) GO 'TO 208
GO TO 209

C
205 IF (ItKF'ING(2) *EQ. ISTAFRT) GO TO 220

IFUD = ISTART - IMFING( 2
IND = IFWStI - 1
IF ( IFWDi E.E 0) GO 'TO 209
CALL SPCTAP (IUNITvIFWD,ISTATU)
IF ( ISTATU( I) .ED. IIO ) STOP
GO TO 209

C
220 IF ( IiPINQ(2) *LE. ISTOPR) GOI TO 204

C
208 IF (ARF.NBREQ.FOUR) GO TO 221

IHEAEIR(2 )=O
IHEAII2( 2 )0
IHEAD1(2)=0
IF (ITNUM -EQ. 0) CO TO 221
TNUM=FLOAT( ITNUMI)
TSET=FLOAT( I1SET )/TNW'i
TCZT=TC-ZT/TNUM
TCVT=TCVT/Tt4UM

* TDRT=TIeRT/TNUiI
TAZT=TAZT/TNUM
TVJTTVT/TNUM
TYPE 175,ITNUiTSETRTTIRTTMURTTAZTTCZTTVTTCVT

221 IF (ARRNBR.EQ.THREE) GO TO 222
IF ( IFNUM ,EQ. 0) CO TO 222

* FNUII=FLOAT( IFNUMi)
FSET=FLOA'T( IFSE*T)IFNUM~
FCZT=FCZT/FNUti
F CVT= F CVT /F NU?
FtiRT=FRT/FNUM
FAZT=FAZT/FNUM

* FVT=FVT/FNUM
TYPE 17PFUYSTFTFR#MIRtA PCTF~FV

C
222 PAUSE ' **IN**

GO TO 110



C
204 CALL REEITAP( IUNITIWKSPCINRE{'YTISTATU)

IF (ISTATU(1) .EQ. IYES ) GO 'TO 211
CALL MTSTAT( IUNIT)
IF (ISTATU(S) .EQ. IYES) GO TO 203
GO TO 204

C
211 IF ( IWKSPC( 2) ME. IlPIt4(2)) GO TO 2114

IF (IWKSPC(4) MNE. INPXNG(4)) GO TO 2114
IF (ALL .EQ. YES) TYPE 17iIlIPING(2)

C
201 11O 21791 =1l,2168
217 IIIPING( I) =ILWK^PC( 1 )

IGFLAG; = INO
GO0TO204

C
214 IGFLAG = IYES

IF (IIIPING(2) GCT. ISTOPR) GO TO 203

t C
C Tape blocK setup anid ?ErrO detection ares
C
300 DO 301PI 1120

IHEADR( I) =IREAD2( l
IHEAD2( I) =IH-EAI( I)

301 II4EA111( I ) =IKPING( I)
C

ITRFLG = 0
IFRFLC 0
DO 343PI = 2158v2168
II I - 2068

* 343 IF (IMPFING( I) .EQ. IKPOi( Il) ITRFLG ITFFLr. + I
IF (ITRFLG .Efl 11 ) G3 'TO 347
DtO 345,1 2114Y2124
11 1 - 2068

345 IF (IM ING( I) .EQ. IMPORCI I) IFRFLC = IFRFLG + 1
IF ( IFRFLQ .EQ. 11 ) .AND* ( ALL .EQ, YES) TYPE 173v ,IADiR( 2
GO TO349

347 DO 348*1 206992124
11=2 - 2068

348 IF (It PING(I) .EQ. IMFON(Il)) ITRFLG =I~tRFLG + I
IF (ITRFLC .LT.* 67) GO TO 34?
IF (ALL .EQ. YES) TYPE 1729IHEADR(2)
GO TO1209

C
349 FRHOYG; = 0.

[D0 302*1 =196
302 FRHOVG = FRHOVG + FRHO( I)

FPCHOVG. = FRKOVC/6.
*C

DtO 30491 2 14
FSIGIA( ) = PSl( 1)**2 - FMU( 1)**2
IF ( FSIGIA( I ) *LT. 0. ) FSICM1Ae 1) 0.

304 FSIGMA(I) = SQRT(FSIGMAI))
C
* TRHOVG = 0.

DO 303#1 1P3
TSICMA(I~) TPSI( I)**2 - TMU( I )*2
IF (TSICGtA(I) .LT. 0.) TSIGMA(I) = 0.
TSICJIWI) I SORT( TSICMA( I)



303 TRHOVC = TRHOVQ +- TRHO( I)
P TRHOVG = TRHOVG/3.

TROEIIF = TRKOVX - TRHOVG
FROI&IF = FRHOVX - FRHOVG

C
IF (IHEAEIR(2) .GE. ISTART) GO TO 600
GO TO 209

C
C T airra & sisgnal detection are
C
600 IF (TRHOVG GCE. RHOi 11ft) GO TO 623

IF (TRHOVX GCE. RHOMtIN ) GO TO 623
tIF (FRHOVC GCE. RHOMIN ) GO TO 623

IF (FRHOVX GCE. RHOKIN ) GO 'TO 623
IF (TROrfIF .GE. DIFMIN ) GO 'TO 623
IF (FROBtIF *GE, DIFMIN) GO TO0 623
GO Tro 2097

C
623 IIBKNtR = INEAE(R(7)

JLIAY =IHEADtR(3)
JHOUR =IREADR(4)

JSEC =IHEAE'R(5)
IERRTG = IHEAE'R( 17)
IZERON = IKE4EIR(18)
IOVRNC = IREAD(R(19)
IUNDRM = I1-EAIR( 20.)

C
JFLAG IZERO
CALL RTCLOK( (.JFLAGAMONTH-JtIAY9.JHOLRJtiIN,.JSEC)
IPFLAG INO
IEFLAQ = IRO

C
IF (ARRREtR .EQ. FOUR) GO TO 605
IF (TRODIF *LT.* -0.1) GO 'TO 641
IF (STATS MNE. YES) GO 'TO 610
IF (('TRHOVG .GE. RHO?'iN l).O.(TRODIIF.GE.D(IFMIN'j) GO TO 609
IF (TRHOVX .LT.* RHOMIUN) GO 'TO 605
GO 'TO 604

641 'TYPE 11,TRODIFIIEQ(NRvTHREEIAYAM0N'TK,.JYEARJHOUrWJIIJSEC
GO TO 605

609 IF (I'ISTAT - 0) 6019,663-Y606

0 601 TYPE 180PTHREE
GO TO 604

606 IF (TRHQVG.GE.RHOMIN) GO 'TO 661
1663 IF (TROUtIF.LT.lIIFMN) GO 'TO 604
661 IF ,TV'ELOX *LT. VELMIM) GO TO 605t

IF (TUELOX *GT. VELMAX) GO TO 605
TAZIMY=TAZIMX
IF ((AZMIN.LT.0,).AND.(TAZIMX.GT-,AZMINP)) TAZIrMY=TAZlMX-360.
IF ((TAZIMYLT.AZMIN).OR.(TAZIMY.GT.AZMiAX)) GO TO 604
IF ( ALL *EQ. YES ) GO TO 651
IF ( IHEAE'R( 2) *EQ. ISTART ) GO TO 651
IF ( IHEAE'R( 2) .EQ. ISTOP) GO 'TO 651
GO 'TO 610

651 TYPE 198Y.JtIAY 'AtiONTHPJYEAR-o.JHOURJMIN 9 JSEC
IPFLAG = IYES
TYPE 183, IHEAI:'R 2)Y IZEF:OTAZ-VArYTVEVAR,'TRHiOVGTAZIMF, TVELO(.L,TrF(oiIF

C



604 'TYPE 197.IIBtt*R.IER'rO.IZERON.IOVRNGIUNIIRN
IEFLAG =IYES

p TYPE 1879THREEiTRHO
DO 611,1 = 1.3

611 TYPE 185.THREE.ITKAX( I )ITMiIN( I),TMU( I )TPSI( I )TSIGiA( I)
C
610 IF ((TRHOVX .LT. RHOMIN).ANII.(TRODtIF.LT.IIIFMIN)) GO TO 60Q5

IF (ITSPOX - 0) 6129613v614
612 TYPE 1929THREE

GO 'TO 605
C

613 TYPE 180
GO 'TO 605

C1 F(VLXL. EMM OT 0
14 IF (TVELOX GLT. VELMIN> GO TO 605

TAZ IMY=TAZ IMX
IF ((AZMIN.LT.0.)ANI.(TAZIMX.GT.AZ MINP)) TAZIMY=TAZIMX-360.
IF ((TAZA"IMY.LT.AZI4).OR.(TAZiMY.GT.AZMAX)) GO "TO 605

tIF (ALL .EQ. YES ) GO 'TO 652
IF (IHEADR(2) .EQ. ISTART) GO TO 652
IF (IHEAMR2) .EQ. ISTOP) GO TO 652
GO 'TO 653

652 IF (IPFLAG .EQ. IYES) GO 'TO 630
TYPE 198,JEAY.AMO4rK.JYEAR,.JH(IuR..JMIN..JsEC
IPFLAG IYES

630 TYPE 183,IHEAEIR(2)ITSPQXTAZVAXTEVAXTRHOVX.TAZIMXTVELOX,
&TRODIF

C
653 ITNUM=ITNUM+l

ITSET=ITSET+ITSPYX
T CXT =TCZT+T AZ VAX
T CV' T C T +TYE VAX
I DR T =TDR T+T ROD IF
TAZ*T=TAZT+TAZIMI
I VT=TVT +T VEL OX
IF (TRT.LT.TRHOVX) TRT=TRHOVX

* IF (TM1IRT.LT.TROEIF) TWIRT=TRODIF
C
605 IF (ARRNBR .EQ. THREE) GO TO 209

IF (IFRFLG .EQ. 11) GO 'TO 20?
C .. . 99 9 9 *9 9 9 9 44 9 9 9 9 9 4 4 9 9 9 9 9 . 94 9 9 9 99 . .

C
*C F aprav signal det.ection ae

C
603 IDUM = IHEAE'R( 2) - 3

IF ( FRODIF .LT , -0. 1) GO TO 642
IF (STATS NME. YES) GO 'TO 615
IF ((FRHOVG .GE. RHOMIN).OR.(FROIIF.GE.EIIFMIN)) GO TO 621

* IF (FRHOVX .LT. RHOMIM) GO TO 209
GO 'TO 602

642 TYPE lPFRODIF#lr(UM.FOUR.JIDAY.AMONTH,JYEAR.JHDuRJMIN.JSEC
GO TO 209

621 IF'( IFSTAT - 0 ) 607 v664,N608
607 TYPE 18OPFOUR

* GO TO 602
608 IF (FRHOVC.GE.RHOMIN) GO TO 642
664 IF (FROIIIF.LT.DIFMIN) GO TO 602
662 IF (FUELOX .LT. VELMIN) GO TO 209

IF (FVELOX .GT.* VELMAX) GO 'TO 209



FALltAY=FA2BtX
IF ( (AZft1N.LT -0 ).ANII.( FAZIMX.GT.AZMiINP) FAZIMtY=FAZIMYX-360.
IF ((FAZIMY.LT.AZMIN).OR.(FAZIMtY.GT.AZMAX)) GO TO 602
IF (ALL .EQ. YES) GO 'TO 654
IF (IHEAtIR(2) ,EQ. ISTART) GO 'TO 654
IF ( IIEADR( 2) .EQ. ISTOP ) GO TO 654
GO 'TO 615

654 IF ( IPFLAG .EQ. IYES ) GO 'TO 631
TIPE 198,JtAYAIOTHJYEAR,'vJHOUPIN~li,JS EC
IPFLAG IYES

631 TYPE 182,IDUMIHEADR(2)vIZEROiFA-,.VARFVEVARYFRHOVG,FA7IMF,
SF'ELOCPFRODIF

C
602 IF (IEFLA, .EQ, IYES) GO TO 632

TYPE 197,IIBKNRYIERRTO0 IZERON. IOVRr<NI U1tr<N
632 TYPE 181YFOUR9 FRHO

DO 616t1 = 1,4
616 TYPE 185,FOURgIFMAX((I),IFMIN(I),FMU(I),FF'SI(I),FSICMA(I)

C
t 615 IF ((FRHOVX .LT. RHODMIN).AN'.(FROIF.LT.'IFMIN)) GO TO 209

IF (IFSPQX - 0) 6179618Y619
617 'TYPE 192PFOUR

GO TO 209
C
618 TYPE 180fFOUR

GO 10O209

619 IF (FVELOX .LT. VELI1N) CO TO 209
IF (FVELOX GT. VELM'AX) GO 'TO 21109
FAZIIY=FAZIIX
IF ((AZMIIN.LT.O.).ANII(F4ZIM1X..GT.AZMiINP)) FAZIMY=FA7IMiX-3_10.

tIF ((FAZIMY.LT.AZKIN).Or,.(FAZIMY.GT.A 'WAX)) GO TO 209

IF (ALL .EQ. 'YES) GO 'TO 655j
IF (IKEAtIR(2) EQ. ISTART) GO TO 655
IF (IHEAIIR(2) .EQ. ISTOP) GO TO 655
GO TO 656

655 IF (IPFLAG .EQ. IYES) GO 'TO 633
TYPE 198,-JtAYAMONTR,.JYEAkRJHOURP.JMINJSEC

633 TYPE 182,ItUMIHEAEIR(2),IFSPQXF4%ZVAXwFVEVAX.FRHCPFAZlIiX,
SFVELOX*FRODIF

656 IFNUM=IFR4LUf+l
IF SET=IFS E I+ IFS POLX
FC ZT=FCZ T AZ VAX

* FCVT=FCVT+FVEVAX
FDRT=FERT+FRODIIF
FAZT=FAZT+FAZIKY
F VT =FVT +FVE LO X
IF (FRT.LT.FRHOVX) FR.T=FR.HOVX
IF (F~jEIRT .LT .FRO'F) F~it'RT=FRODIF

*G 0TO 209

C
C FORMATs area
C

to FORMAT (/9' AZSCAN Rev 7.')
* 11 FOR14AT ('Change in RHO eQuals'tF6.2.t5X'IloI *'tI5r1XrAly

& array v 1'- A'- 121, 1,3'".
12 FOR14AT (Al )
13 FORMATU( FPT or F'? 'PS)
14 FORMAT (F6.2)



15 FORMAT (" All? '9$)
16 FORMAT (" Statistics? 'r$)
17 FORMAT (' BAD BlocKt $',15)
171 FORMAT (' Minimum CHANCE IN RHO? 'v$)
172 FORMAT (55X,'?ErrO at PlocK t',I5)
173 FORMAT (40X,'?ErrO at Block ',15)
175 FORMAT (14,'SIQ SE',FS,1,3X,'MAXR',F42,2X,'AVIR',F4.212X,

& 'MAXLR',F4.2,3X,'AZ'F4.0,' CZ',F4.0,3X,'V',F4.0,' CV',F4.O)
177 FORMAT (' Azimutjh MINMAX: '$)
178 FORMAT (2F6,2)
179 FORMAT (" Velocitv MINMAX '$)
18 FORMAT (M Minimum RHO? 'Y$)
180 FORMAT (' ',AI,3X,'p**INVALIID ANALYSIS!!***' )
181 FORMAT (' ',A1,3X,6F5.2)
182 FORMAT (' F',16,' to' ,15,3XI4,2F6.1,3X,'(',F4.2,' )',2F8.2.

& 16XFS.2)
183 FORMAT (" T',l6,11X,I4,2F6..119X,'(',F4,2')',2FS.2,F5.2)
184- FORMAT (" ',A1,2X,6F5.1,F5.2)
185 FORMAT (' ",A1v216,3F7.1)
186 FORMAT (" ',AI,2X,3F6.2*12XFS.2)
187 FORMAT (" ',A1,2X,3F5.2)
19 FORMAT (216)
190 FORMAT (U StartStoF4 ',$)

191 FORMAT (/)
192 FORMAT (' ',A1,3X,'***INVALII FILTER'!!**' )
193 FORMAT (' Year? ',$)
194 FORMAT (' Tie:',13,'-' ,A3,'-',12,14,'VI2,' ",12,'"Z?7 ',$)
196 FORMAT (713)
197 FORMAT ( ' P",516)
198 FORMAT (" @ WBA' ,3,'-',A3,'-',i2,I4,' :' 12,' ,12,' 'Z.' )

Co 0 00t o 0f - #0o * #o .tt:...... ................... * * 4~4 4 44 4 * *4 4 *4 4 *4 *

C
500 STOP

END

9



C*******REAtI.FOR **A*
pC
C Elate of revision: 3O-Sep-82
C

PROGRAM READI
C
C PURPOSE

pC To re-analvze the data contained on a tape.
C
C USAGE
C RUN READ
C
C INPUT PARAMETERS

tC YEAR - A tw.o digit number
C Rev 4 - The revision numhor of RTGATbI b4 which the tap-e was
C recorded ( an inteqer )
C TW4EAK( - The tweaK factor for the Polarization filtperr the
C larsier the valuep the more enhanced the filter
C FrTrB - Selects F arravy T array, or 'Both arrays

tC 3 or 4 - Selects the number of channels in the F array
C START - Integ~er value of first block to be calculated
C STOP - Integer value of last block to be calculated
C
C REMARKS
C To have valid resultsy the value of START mi-st be at least four

*C larger than the block number of the tapes current P'osition.,
C It takes about 100 seconds Per block to do the calculations..
C
C LIB4RARIES REQUIRED
C REtLIBvMACLIBSY'FORLIB
C
C METHOD
C The Program does time series analysis, Polarization filteringv
C and time series analysis (on filtered data) in the sawee manner
C as the RTGAIU Program.
C

COMMON /MTBLI(/ IrNSTY#IPARTYrIsTATU( 12)
COMMON /IARRAY/ IM.ING(2168)9IBDt~YrICHNL(7)
COMMON /PASBLK/ IUIKHDR(20),I4CHNL(5i1294),I3CHNL(51293)
COMMON /APARAK/ FXI'IF(6),FYDIF(6),FTIIIF(6)PFSICMA(4)PTXrIF( 3),

CTYDIF( 3)PTTIIIF( 3)PTSICMA( 3)
COMMON /ANALYS/ IFSP'QXFRHOVGFVELOCFAZIMFFVEVARFAZ VARIFSTAT,

CFMU( 4 )FPSI( 4 )FRHO( 6 )IFMAX( 4), IFMIN( 4.),ITSPQXTRHQVGTVEL.OC.
CTAZIMFTVEVARTAZVARITSTATTMU(3),TPSI(3),TRHO(3),ITMAX(3),
C ITMIN( 3)

COMMON /MISC/ ITrPRY(1536),IFCNBR9ISTATITAILR( 100<iITRC;RY( l29)o
CCALLERPINRI(IFINRCKLITRMAXFIMCRY(256,;4)

DIMENSION IIIMTBL( 12)

pDATA IDTL456~~6l351~4

DATA FXDIF/2406.,-5459.,-3685.,-7864.,-609l.,1773./
DATA FYtIF/-54'S,.,-3099.,1O5 7.92559.,6715.*4i56./
DATA TXtIF/7.6i-945.8,-953.4/,rTYIIF/-1125i.9,-5/-8.5w547 .4/
DATA INBUFF/"1177562/,IMASK/"177/,IADCSR/"17700O/
DATA IGETET/-1/,IINTDT/O/FOUR/IHF/THrt.EE/1HiT/IOTH/1HB/
DATA XNO,/1KN/,'tES/lHY/,INO/-1/,IYES,'//FIOVRN/.0122719/
DATA IUNIT/00/~ilDN4STY/800/ ,IPAr'TY/1/ ,IREV/-l/

C
C Program and wag tape initialization area.



C

100 TYPE 10
TYPE 193
ACCEPT 19,.JYEAR

C
102 CALL MTINIT(IUNIT)

IF (ISTATU(I) .ME. IYES) STOP
C

TYPE 16
ACCEPT 14,IREVNR
IF (IREVNR oLE, 9) INRBYT 4080
IF (IREVNR .GE. 10) INRBYT = 4336

C
TYPE 142
ACCEPT 14,ITWEAN
IF (ITWEAK .LE. 0) ITWEAK = I

C
RIN[IX = 0.
DO 119,1 = 1L129
THETA4 = COS(PIOVRNRINIX)
ITRGRY(I) = IFIX(32767.*THETAN + .5)

119 RINDX = RINMX + 1.
C
103 TYPE 13

ACCEPT 12tARRNBR
IF (ARRNBR .NE. THREE) GO TO 107
GO TO 110

C
107 TYPE 15

ACCEPT 14,IFCNBR
IF (IFCNBR .EQ. 4) GO TO 110

C
TYPE 18
ACCEPT 14,IMSCHL
K = IMSCHL*3 + 1
DO 101,I = 1,3
FXDIF(I) = FXIIIF(IItMTBL(K))
FYDIF(I) = FYVtIF(IfltTl'L(K))

101 K = K + 1
C
110 DO 112,K = 1,1536
112 ITMPRY(K) = 0

TYPE 190
ACCEPT 19,ISTARTYISTOP
KSTART = ISTART - 4

109 CALL REIITAP(IUNIT,IMPINGINRBYTISTATU)
IF (ISTATU(I) .EQ. IYES) GO TO 105
CALL MTSTAT( IUNIT)
IF (ISTATU(8) .EQ. IYES) GO TO 108
GO TO 109

C
105 IF (IMPING(2) .GE. KSTART) GO TO 120

IFWII = KSTART - IMPING(2)
IFWiD = IFWD - 1
IF (IFWII .EQ. 0) GO TO 109
CALL SPCTAP (IUNITIFWUI,ISTATU)
IF (ISTATU(1) .EQ. INO) STOP
GO TO 109

C



120 IF (IiIPIL4G(2) .LE. ISTOP) GO TO 104
pC

108 PAUSE %*DN*'
GO TO 110

C
104 CALL REDTAP( IUNITilKHEIRINRI4YTISTATU)

IF (ISTATU(l> .EQ. IYES) GO TO III
p CALL ITSTAT( IUNIT )

IF (ISTATU(8) .EQ. IYES) GO TO 108
Go TO 104

C
III IF (IWKHDR(2) NIE. IMPING(2)) GO TO 114

IF (IWKHtIR(4) MIE. IMiPING(4)) GO TO 114
9 TYPE 17PIMPING(2)
C

lDO 117rI 1,2168
117 IM'PING(I) =IUKHI'R(I)

GO TO 104
C

t 11+ CALL SPCTAP( IIJITIREVtISTATJ)
IF (ISTATU( 1 .EQ, INCIO STOP

C
C
C Data untkind area
C

f CALL UNW~INDI (IM1PINGpIWKHrIRvITMPRY)
IF (IIIPING(2) .LT. ISTART) GO TO 109
IF ( IRE'JNR GCE. 10 ) GO TO 600
TYPE 141
STOP

C
C T arrav analvsis area
C
600 IIBKNR = IIPING(2)

JDAY = IIPING(3)
JHOUR = IIPING(4)

*JSEC =IMPING(5)
IERRTO = ItiPING( 17)
IZEROM = IMPING( 18)
IOYRI4G = IMIFING19)
IUNIIRN = IMPING( 20)

IIMPING( 18) = ITWEAK
JFLAG =IINTDT
CALL RTCLOK (JFLAG.AtOTHJtAYJHOURPJMINvJSEC)
TYPE 197PIIBl(INRIERRTO, IZERON, IOVRNGIUNDRN
TYPE 198*JDAYPAIION*THJYEARJIIOURJI1IN9.JSEC

IF (ARRNBR ,EQ. FOUR) GO TO 603
ITSPOX = 0
CALLER = THREE
CALL RTGTIIR

C
IF (ITSTAT .LT. 0) GO TO 605

601 CALLER = THREE
CALL FILTER

604 IF (lISPOX .GT. 0) GO TO 606
TYPE 192vCALLER
GO TO 605



606 CALLER = THREE
CALL RTGTDR

C

605 IF (ARRNBR .EQ,. THREE) GO TO 109

C

C F arraw analusis area
C
603 TYPE 191

IFSPOX = 0
CALLER = FOUR
CALL RTGTDR

C

IF (IFSTAT .LT. 0) GO TO 109
607 CALLER = FOUR

CALL FILTER
608 IF (IFSPOX .GT. 0) GO TO 602

TYPE 192,CALLER
GO TO 109

C

602 CALLER = FOUR
CALL RTGTIR
GO TO 109

C
C FORMATs area
C

10 FORMAT (/,' READ Rev 5' )
11 FORMAT (" 1 7!")

12 FORMAT (Al)
13 FORMAT (' FyT or B? '9$)
14 FORMAT (312)
141 FORMAT (I THIS PROGRAM WILL NOT READ' REVISIONS LESS THAN 10' )
142 FORMAT (' PURFIL Tweak factor? '9$)
15 FORMAT (1 3 or 4? ',$)
16 FORMAT (I REV #? ",$)
17 FORMIAT (I BAD BlocK, #',I5)
18 FORMAT (' Missing channel? (0,19293) '9$)
19 FORMAT (216)
190 FORMAT (I StartSLoF1 ',$)
191 FORM4AT (/)
192 FORMAT (I ',A1,3X,'**ZINVALIII FILTER!!**' )
193 FORM1AT (' Year? '$)
194 FORMAT (1 Time: ',13'-',A3,'-',I2,14':",l2' ',12,'"Z?? 'P$)
195 FORMAT (I Correct time? (Y,MEI9HM) ')
196 FORIAT (713)
197 FORMAT (/,' #'9516)
198 FORMAT (' WIA',I3,'-',A3,'-',I2,I4,':',12,' ',I2,'"Z.")

C
500 STOP

ENDE



C
* C Date of revision: 4-Nov-82

C
PROGRAM RPTSCN

C
C PURPOSE
C To scan a tape for blocks of interest, and produce an output in
C the form of a data messag-e
C
C USAGE
C RUN RPTSCN
C
C INPUT PARAMETERS
C YEAR - A two digit integer
C JULIAN - A three digit integer julian dav
C MONTH - A three letter month abbreviation
C DATE - A two digit integer date of month
C TIME - A four digit integer
C SERIAL - A four digit integer (5000 < SERIAL 5099)
C INF NR - A four, digit integer
C F,T,B - Selects F arravy, T array, or Both arravs
C RHOMIN - Minimum average correlation coefficient for blocks of
C interest (default 0.7 if T9 0.5 if F)
C IIFMIN - Minimum chan.ge in average correlation coefficient after
C Polarization filtering (default 0.2)
C START - Integer value of first block to be scanned
C STOP - Integer value of last block to be scanned
C CONTNU - If Y is entered, Progranm will allow another scan
C SKIP PARAMS - Parameters of blocks selected bv A7SCAN that ar-
C not to be listed individually in the report
C START - Integer value of first block from AZSCAN
C STOP - Integer value of last block from A7SCAN
C AZMIN - Real value of minimum aziimuth from AZSCAN
C AZMAX - Real value of maximum azimuth from AZSCAN
C VELMIN - Real value of minimum velocitv from AZSCAN
C VELMAX - Real value of maximum velocity from AZSCAN
C
C REMARKS
C To prepare a data message, first the T arra_ should be scanned,
C then the F arrav should be scanned. If an EOF (end-of-file) is
C encountered be-fore the end of the tape, this should be repeated.
C

* C LIBRARIES REQUIRED
C REDLIBMACLIBSY :FORLIB
C
C METHOI
C The Progran is similiap to SCAN and AZSCAN e>-copt for outPUt
C format. The output is written to FTNI9.DAT.

*C

COMMON IMPONG(10O),IBKBEG(20),IBKFIN(20),AZMIN(20),AZMAX(20)
COMMON /MTBLK/ IDNSTYIPARTYISTATU(12)
DIMENSION VELMIN(20),VELMAX(20),IWKSF'C(2169)
COMMON /TRAILY/ IMPING(2068),FVELOC,FAZIMFFVEVARFAZVARIFSTAT,

CFMU(4),FPSI(4),FRHO(6),IFMAX(4),IFMIN(4),IFSPX,FRHOVXFVFI OX,
* (FAZIMXFVEVAXFAZVAXTVELOCTAZIMFTVEVARTAZVAR, ITSTATTM: 3 )

CTPSI(3),TRHO(3),ITMAX(3),ITMIN(3),ITSPQXTRHOVXTVELOXTAZIM,,
( TVEVAXTAZVAX

DIMENSION IREAEIR(20),IHEAD2( 20 ),IHEAI( 20)
DIMENSION FSIGMA(4),TSIGMA(3)



LUL; ILAL41 I CHAR" 80,),ICHXCR,ICHRLFICHRSP.ICHRC, ICHRV
C

DATA IZERO/O/,FOUR/iHF/,THREE/'HT/,BOTH/1HE/,LINNT/8Oi
DATA XNO/IHN/,YES/1HY/vINO/-1/ IYES/1/, ILINE/1/
DATA IUNIT/00/,IDNSTY/800/,IPARTY/l/,IREV/-I/IILINE/O/

C
C Program and mna_ taPe initialization area.
C
100 TYPE 10

TYPE 193
ACCEPT 19,JYEAR
TYPE 172
ACCEPT 19, JULIAN
TYPE 173
ACCEPT 191,BMONTH
TYPE 174
ACCEPT 19, MDATE
TYPE 175
ACCEPT 1?,MTIME
TYPE 176
ACCEPT 1, NRSER
TYPE 177
ACCEPT 19,INFNR

C
102 CALL MTINIT(IUNIT)

IF (ISTATU(1) ME,. IYES) STOP
C

PAUSE ' Insert message disK'
WRITE (199180)
WRITE (19,181) NRSERJULIANMTIMErMIATEMTIME,BEONTHJYEAR
WRITE (19,182)
WRITE (19,183) JYEARINFNR
WRITE (19,184)

C
110 IGFLAG = INO

TYPE 13
ACCEPT 12,ARRNBR

C
TYPE 18
ACCEPT 14,RHOMIN
TYPE 171
ACCEPT 14,DIFMIN

* IF (RHOMIN .ME. 0.) GO TO 111
IF (ARRNER .EQ. THREE) RHOMIN=0.7

IF (ARRNBR .EQ. FOUR) RHOMIN=O.5
IF ((ARRNBR ME. THREE) .AND, (ARRNER .NE. FOUR)) GO TO 110

111 IF (DIFMIN .EQ. 0. ) IIIFMIN=0.2
C

KSKIP = -1
115 KSKIP = KSKIP + 1

I = KSKIP + 1
ILINE = ILINE + 1

TYPE 16
ACCEPT 161,IBKBEC(I),IBKFIN(I),AZMIN(I),AZMAX(I),

P & VELMIN( I ),VELMAX( I )
IF (VELMIN(I) .EQ. 0.) VELMIN(I)=250.
IF (VELMAX(I) .EQl. 0.) VELMAX(I)=700.
IF (IBKBEC(I) .ME. 0) GO TO 115
ILINE = ILINE - 1

.. ... . . .P- , , r i III | H I I I I. . . . . .



C
C Ta-e read area
C
200 TYPE 190

ACCEPT 19,ISTARTISTOP
IISTRT=I
IF (ARRNEtR .NE. THREE) IISTRT=4
IF (ISTART .EQ. 0) ISTART = IISTRT
IF (ISTOP *EQ. 0) ISTOP = 10000
ISTOP = ISTOP + 2

C
D1O 243PI = 206992168

243 IMPING( I )=0
C
209 DO 245,1 1,100

II = I + 2068
245 IMPONG( I )=IMPI RG( II)

C

IF (IGFLAC .EQ. IYES) GO TO 201
CALL REIITAP(IUNITIMF'INCINRBYTISTATU)
IF (ISTATU(1) .EQ. IYES) GO TO 205
CALL MTSTAT(IUNIT)
IF (ARRNBR ,EQ. THREE) GO TO 202
IF (ISTATU(S) .EQ. IYES) ILINE = ILINE + 1

202 IF (ISTATU(8) EQ. IYES) GO TO 208
GO TO 209

C
205 IF (IMPING(2) .EQ. ISTART) CO TO 220

IFWII = ISTART - IK ING(2)
IFWII = IFWD - I
IF (IFWI .EQ. 0) GO TO 209
CALL SPCTAP (IUNITIFWIEISTATU)
IF (ISTATU(l) .EQ. INO) STOP
GO TO 209

C
220 IF ( IKPING(2) .LE. ISTOP) GO TO 204

C
208 PAUSE ' ***DONE, <CR> TO CONTINUE***I*O NOT CIRL C.**'

TYPE 15
ACCEPT 12,CONTNU
IF (CONTNU .NE. YES) CO TO 700
IHEADR(2) : 0
IHEAE12(2) = 0
IHEADI1(2) = 0
GO TO 110

C
204 CALL REIITAP(IUNITIWKSPCINRBYTISTATU)

IF (ISTATU(1) EQ. IYES) CO TO 211
CALL MTSTAT(IUNIT)
IF (ARRNBR EQ. THREE) GO TO 206
IF (ISTATU(8) *EQ. IYES) ILINE = ILINE + 1

206 IF (ISTATU(8) .EQ, IYES) GO TO 203
GO TO 204

C
211 IF (IWKSPC(2) NE. IMFINC(2)) GO TO 214

IF (IWKSPC(4) NE. IMPING(4)) GO TO 214
C
201 D1O 217,1 1,2168



7217 IMtPING( I )=IWKSF'C( .1
* IGFLAG = INO

GO TO 204

2114 IGFLAG = IYES
IF (IMPING(2) .GT* ISTOF') GO TO 208

*C

C Tape block setup and ?ErrO detection area
C
300 Do 30111 1120

IHEAIR( I )=IHE4I'2( I)
IHEAII2( I) =IHEA11I)

p 301 IHEAEI1( ) = BtING( I)
C

ITRFLG = 0
IFRFLG = 0
110 343tI 215892168
II = I - 2063

343 IF (IMF'INC(I) EQ. IMPONG(II)) ITFRFLG = ITRFLC + I
IF (ITRFLG *EQ. 11) GO 'TO 347
DO0 345*1 = 211492124
11 = I - 2068

345 IF (ItFING(I) .EQ. IMFORG(II)) IFRFLC = IFRFLG + I
IF (IFRFLG *EQ, 11) 'TYPE 179,FOURPIREAIIR(2)
GO GTO349

347 1D0 348*1 = 2069,2124
II = I - 2068

-348 IF ( IMP ING( I) .E. I MFON( II) I TRFLG I TRFLC + I
IF (ITRFLG .LT. 67) GO TO 349
TYP'E 17PTHREE, IHEAtIR( 2)

*G TO10209
C.-
349 FRHOVG = 0.

DO 302YI = 196
302 FRHOVG = FRHOVG + FPHO( I)

FRHOVG = FRHOVG/6.
*C

TRHOVG = 0.
DO 303PI = 193

303 TRHOVG = IRHOYG + TRHO( I)
TRHOVG = TRHOVG/3.
TROIIIF = TRHOVX - TRHOVG

* FROIIIF = FRHOVX - FRHOVG
C

IF (IHEAIIR(2) .GE. ISTART) GO TO 600
GO TO 209

C T arrav signal detection area
C
600 IF (IRHOVG .GE. RIOMIN) GO TO 602

IF (TRHOVX G.CE PHOMIN) GO TO 602
IF (FRHOVG .GE. RHL1MIN) GO 'TO 602
IF (FRHOVX .CE, RHOMIN) CO TO 602
IF (TRODIF -GE. IIIFMIN) GO TO 602
IF (FRODIF GQE. L'IFMIN) GO TO 602
GO TO 209

C
602 IIEIKNR = IHEAIIR(2)



JHOUR = IHEAEIR(4)
JSEC = IHEAIIR( 5)

JFLAG = IZERD
CALL RTCLOK (.JFLAGAMOTHJIA'Y.JHOURJMIN~pjSEC)
KDAY =ICHOOZ( J11V)
JTIME =JHOUR * 100 +- JtiIN
KTIME = CHOOZ(,JTIME)

C
IF (ARRNB(R .EQ. FOUR) GO TO 605
IF U(TRHOVX GCE. RHO1MIN),OF:,(TROE'IF0,E'IIFMI14) GO TO 604
GO TO 605

604 IF (IVELOX ,LT. 250. ) GO TO 605
IF (TVELOX GT1. 700.) GO TO 605

C
KSFLAC = INO
KSKFLC =INO
IF (KSKIP .LE. 0) GO TO 606
DO0 606 I=1,KSKIP

t KSKFLG =IYES
AZMINP = AZMIN( I)
IF (AZMIN(I) GOT. A-ZMX(l)) AZMIN' AZMI.N(I) - 360.
TAZII4Y = TAZIMX
IF ((AZMINF'.LT.0).ANII.(TAZIMX.GT.AZMIN(I))) TAZIMY=TA-,TMY-3_60.
IF (IIBKNR *LT. IBIEG( I ) ) KSKFLG = IN0
IF (III4KNR .0T. IICFIN(1I)) KSKFLG INO
IF (KSKFLC ,EQ. INO) GO TO 606
IF (IVELOX .LT. VELMINI ) ) KNSKFLG =140
IF (TVELOX GT. VELMAX( I ) K'S1FLG =1140
IF ( TA-ZI MY .LT- AZMINP) KSKFLC, =110
IF (TAZIMY G.0T AZMAX( I) ) F.SKFLG = INO
IF (KSKFLG .EQ. IYES) KSFLAG = IYES

606 CON&TINUE
IF (KSFLAG .EQ. IYES) GO TO 605

C
KTSF'OX = ICHOOZ(ITS'CX)
KII(KNR = ICHOOZ(IIBKNR)
ITAZ = IROUNII(TAZIMX)
KTAZ = ICtOOZ(ITAZ)
ITCZ = IROUNI'(TAZVAX)
KTCZ =ICHOOZ(ITCZ)
ITV = IROUNII( IVELOX)
ITCV = IROUNII(TVEVAX)
KTCV = ICHOOZ(ITCV)
ILINE = ILINE + 1
IILINE =IILINE I
KLINE = ICHOOZ( ILINE)

IF (KLINE - 0) 6 1076llY6 12

610 WRITE (18,401) ILINErTHFREE
CO TO 613

611 WRITE (18t402) ILINEPTHREE
GO TO 613

612 WRITE (18P403) ILINEPTHREE
* 613 IF (KTIME G.CT 1) GO TO 614

IF (KTIME - 0) 6131,6132Y6133
6131 WRITE (18v404) JTIME

GO TO 615
6132 WRITE ( 18P4041 ) .TIME



O i 615
6133 WRITE (18,4042) JTIME

GO TO 615
614 WRITE (18,405) JTIME
615 IF (KIRAY - 0) 616,617,617
616 WRITE (18,406) JtIAY,AMCNTH

GO TO 618
617 WRITE (18407) JDIAYAiONTH
618 IF (KIBKNR - 0) 619P620,621
619 WRITE (18,408) IIE(KNR

GO TO 623
620 WRITE (18,409) IIBKNR

GO TO 623
621 IF (KIBKNR ,EQ. 2) GO TO 622

WRITE (189410) IIBKNR
GO TO 623

622 WRITE (18,411) IIBKNR
623 IF (KTSFOX - 0) 624,625,626
624 WRITE (18Y412) ITSF'QXTRHOVXTROIIF

GO TO 627
625 WRITE (189413) ITSF'IX,TRHOVXTRODiIF

GO TO 627
626 WRITE (18Y414) ITSPQXTRHOVXTROIIIF
627 IF (KTAZ - 0) 628,629,630
628 WRITE (189415) ITAZ

t GO TO 631
629 WRITE (18,416) ITAZ

GO TO 631
630 WRITE (189417) ITAZ
631 IF (KTCZ - 0) 6329633w634
632 WRITE (18,418) ITCZITV

GO TO 635
633 WRITE (18,419) ITCZITV

GO TO 635
634 WRITE (18P420) ITCZITV
635 IF (KTCV - 0) 636,637,638
636 WRITE (18,421) ITCV

GO TO 608
637 WRITE (18,422) ITCV

GO TO 608
638 IF (KTCV *EQ. 2) GO TO 639

WRITE (18,423) ITCV
GO TO 608

* 639 WRITE (18,424) ITCV
C
608 IF (ILINE ,LT. LINCNT) GO TO 605

INFNRM : INFNR
ILINE : ILINE + I
NRSER = NRSER + I
INFNR = INFNR + 1
MTIME = MTIME + 10
IILINE IILINE + 15
LINCNT LINCNT + 80
WRITE (18Y185)
WRITE (18,180)
WRITE (189181) NRSEF',.JULIANMTIMEM[IATEMTIMEBMONTH,.YEAR
WRITE (18,182)
WRITE (18,183) JYEARINFNR
WRITE (18,184)
IF (LINCNT .GT, 200) CO TO 6081



Go TO 605
6081 WRITE (ISPi86) ILINEYJYEARYINFNRM
605 IF (ARRNBR *EQ. THREE) GO TO 209

IF ( IFRFLC .EQ. 11 ) GO TO 209
C. *** .. 01 * *1* *** *b 6* *. be.,. . .1606001 * .. ,. *cc* *&*** .. b

C
C F arraw signal detection area

tC

603 111W4 = IHEADR( 2) - 3
IF ((F:HOVX .GE. RHOtIN).OR.(FRoriIF.GE.bIFMtI)) GO TO 607
GO 10 209

607 IF (FVELOX .LT. 250. ) GO TO 209
IF (FVELOX G.CT 700. ) GO TO 209

C

KSFLAG = IN0
KSKFLC = I0
IF (KSKI' .LE. 0) GO TO 609
DO0 609 1 = IYKSI(IP
KSKFLG IYES
AZMINP =AZMIN( I)
IF (AZMIN(I) .CT. AZMAX(I)) AZMII4P = --iMIN(I) -360.

FA '71Y =FAZIMiX
IF ((AZMINF'.LT.0).ANti.(FAZIMX.CT.AZMIN(I))) FAZIMY=FAZIMY-360.
IF (iI I KNR .LT. ]IRKEG(l)) KSFFLC = INC

f ~ IF (IIBKNR bCT* IBKFIN(I)) K'Ct(FLC IND
IF (KSKFLG ,EQ- IN0) GO TO 609
IF (FVELOX LT. VELMIN(I)) K-OKFLC = IN0
IF (FVELOX bCT. VELMiAX(I)) KSt(FLC = INO
IF (FAZIMiY .LT. AZMINP) NSKFLG ::L40
IF (FAZIMiY GCT. AZM.AX(I)) tSFLG = IN
IF (KSKFLG .EQ. IYES) KSFLAG = YES

609 CONTINUE
IF (KSFLAC bEQ. IYES) GO TO 20?
KFSPQX =ICKOOZ( IFSPIX)
KIIUM = ICHOOZ( IDtWM)
IFAZ = IROUNt(FAZIMX)
KFAZ = ICHOOZ(IFAZ)
IFCZ = IROUNIIIFiAZVAX)
KFCZ = ICHOOZ(IFCZ)
IFV = IROUNI(FVELOX)
IFCV = IROUNEI( FVEVAX)
KFCV = ICHOOZ(IFCV)

f ILINE = ILINE + 1
IILIN = ILINE+ I

KLINE = ICHOOZ(ILINE)

IF (KLINE - 0) 640Y641t642?
640 WRITE (18v401) ILINEYFOUR

*G 0TO 643
641 WRITE ( 18.402) ILINEtFOUR

GO TO 643
642 WRITE (ISP403) ILINE. FOUR
643 IF (KTIME .CT, 1) GO TO 644

IF (KTIIME - 0) 6431.643296433
* 6431 WRITE (189404) JT IME

GO TO 645
6432 WRITE (1894041) JTIME

GO TO 645

L6433 

WRITE 
(181,4042) 

JTIME



GU fU 6.4l
644 WRITE (18,405) JTIME
645 IF (KIDAY - 0) 646,647,647
646 WRITE (18,406) JIAYAMONTH

GO TO 648
647 WRITE (18,407) JEAY,ANONTH
648 IF (KDUM - 0) 6499650,651
649 WRITE (I8,08) IDIUM

GO TO 653
650 WRITE (18,409) Il(UM

GO TO 653
651 IF (KIIUK .EQ. 2) CU TO 652

WRITE (18,410) IIIUM
GO TO 653

652 WRITE (18,411) ITIUM
653 IF (KFSPQX - 0) 654,655,656
654 WRITE (18,412) IFSF'QX,FRHOVX,F.OIIF

GO TO 657
655 WRITE (18,413) IFSF'XJF:HOVX,FF:OQtIF

GO TO 657
656 WRITE (18,414) IFSF'QXFRHOVXFROIF
657 IF (KFAZ - 0) 658,659y660
658 WRITE (18,415) IFAZ

GO TO 661
659 WRITE (18Y416) IFAZ

GO TO 661
660 WRITE (18417) IFAZ
661 IF (KFCZ - 0) 6629663p664
662 WRITE (18,418) IFCZIFV

GO TO 665
663 WRITE (18,419) IFCZIFV

GO TO 665
664 WRITE (18,420) IFCZIFV
665 IF (KFCV - 0) 666,667,668
666 WRITE (18,421) IFCV

GO TO 670
667 WRITE (18422) IFCV

GO TO 670
668 IF (KFCV .EQ. 2) GO TO 669

WRITE (18,423) IFCV
GO TO 670

669 WRITE (18,424) IFCV
670 IF (ILINE ,LT. LINCNT) GO TO 209

* INFNRM = INFNR
ILINE = ILINE + I
NRSER = NRSER + 1
INFNR INFNR + 1
MTIME = MTIME + 10
IILINE IILINE + 15

* LINCNT LINCNT + 80
WRITE (18,185)
WRITE (18,180)
WRITE (18,181) NRSERJULIANMTIME,MIIATEMTIE,I'MONTHJYEAR
WRITE (18,182)
WRITE (18P183) JYEARINFHR
WRITE (18,184)
IF (LINCNT .GT. 200) GO TO 601
WRITE (18,137) ILINEJYEAR,INFNF:M
GO TO 209

601 WRITE (18,186) ILINEJYEARINFNF:M



GO TO 209

C

C Output restructurins area
C
700 REWINDI 18

ICHRBK = "100
ICHRCR = "137
KCOUNT = 0

710 JCOUNT = 0
720 READ ( I,425,ENV=730) (ICHAR(J), .1 = ,78)
730 IF (ICHAR(1) .EQ. ICHRBK) WRITE (19,188)
740 JCOUNT = JCOUNT + I

IF (ICHAR(JCOUMT) .EQ. 0) GO TO 710
IF (ICHAR(JCOUNT) MNE. ICHRCR) GO TO 740
WRITE (19,425) (ICHAR(I),I = 1,JCOUNT)
KCOUNT = KCOUNT + I
IF (KCOUNT ,GE. IILINE) GO TO 750
GO TO 710

750 WRITE (199185)
CALL EXIT

C

C FORMATs area
C

10 FORMAT (/9' RPTSCN Rev 5.')
11 FORMAT (5AIO)
12 FORMAT (Al)
13 FORMAT (' FT or B? '$)
14 FORMAT (F6.2)
15 FORMAT (' Continue? 'Y$)
16 FORMAT (' SKIP FARAMS6 STARTSTOPAZMINAZMAX,',

& 'VELMINVELMAX? 'Y$)
161 FORMAT (216t4F10.3)
17 FORMAT (" ',AI,' ?ErrO at Block *',15)
171 FORMAT (" Minimum CHANGE IN RHO? 'i$)
172 FORMAT (- Julian dav? ',$)
173 FORMAT (' Month? ',$)
174 FORMAT (" tate of month? ',$)
175 FORMAT (" Time of message? 'Y$)
176 FORMAT (" Serial nr? 'r$)
177 FORMAT (" Infrasonics nr? 'P$)
18 FORMAT (' Minimum RHO? ',$)

0 180 FORMAT (@@@ @ \\_',/,'RR RUEBALB\\_ )
181 FORMAT ('DE RUHHWEB ',314,']\\_',/,'ZNR UUUUU\\-'f/Y'R'Y13vI4t

& 'Z ',A3,13t'\\_'v/,'FM MCMURDO STATION ANTARCTICA\\_')
182 FORMAT ('TO GEOPHYSICAL INSTITUTE FA.IRBANKS AN//TELEX NR',

35414//\\_"/,,'ACCT NS-WCAB\\_')
183 FORMAT ('BT\\_',/,'UNCLAS INFRASONICS NR',I3,'-',I4,"\\..)

* 184 FORMAT ('PASS TO DR C WILSON\\_',/'SUBJ' INFRASONICS F:EPORT\\_')
185 FORMAT ('REGARDS, KAY\\-',/,'BT\\-------- NNNN' f/

& '"]] J]])]]]]]]]J]J@J@@@@@@@@@.@@@' )

186 FORMAT (13,'.CONTINUEII FROM MSG NR',I3,'-',I4,'\\.
187 FORMAT (12,'.CONTINUED FROM MSG NR' ,13,-',I4,'V\.
188 FORMAT (' ---------- NNNN]]]]]]]]]]]]]]]],./,

19 FORMAT (216)
190 FORMAT ( ' Start,Stor: '9$

191 FORMAT (A3)
193 FORMAT (' Year? ',$)



196 FORMAT (713)
! 401 FORMAT (I1,'.',A1,':',$)

402 FORMAT (12r'.',A1,' :',$)
403 FORMAT (I3,'.',A1,' :',$)
404 FORMAT ('O00',I1'Z ',$)

4041 FORMAT ('00'fI2'Z ',$)

4042 FORMAT ('0',I3,'Z ',$)
405 FORMAT (14,'Z 'Y$)
406 FORMAT (IIA3,1X,$)
407 FORMAT (12,A3y1X,$)
408 FORMAT ('BK' rI1,1X,$)
409 FORMAT ('BK',12,1X,$)
410 FORMAT ('BK',I3,1X,S)
411 FORMAT ('BK',14I1XY$)
412 FORMAT ('SE' ,I,' F' ,F4.2,' DR',F4.2,1Xy$)
413 FORMAT ('SE' ,12,' R' ,F4.2,' DR' ,F4.2,lX,$)
414 FORMAT ('SE',13,' R',F4.2,' DR' ,F4.2,1X,$)
415 FORMAT ('AZ',I1,1X,$)
416 FORMAT ('AZ',12w1X,$)
417 FORMAT ('AZ',I3y1X,$)
418 FORMAT ('CZ',Il,' V'iI3piX,$)
419 FORMAT ('CZ',12,' V',13,1X,$)
420 FORMAT ('CZ',13w' V',13,1X,$)
421 FORMAT ('CV' ,IlI'\\-'
422 FORMAT ('CV' t129'\\-')
423 FORMAT ('CV' ,3,'\\_')
424 FORMAT ('CV',I4,'\\_')
425 FORMAT (80A1)

C *.......,....,.e,...,4tt .......*I.,..... *.. .*****,

C
500 STOP

END
C
C
C
C

FUNCTION ICHOOZ(IVAL)
C

C PURPOSE
C To determine the number of digits in a Positive inteser
C

C USAGE
C ICHOOZ( IVAL)
C
C INPUT PARAMETERS
C IVAL - The integer value to be tested
C
C REMARKS

C IVAL must be a Positive integer less than i000
C
C METHOD
C The number of digits in the input value is determined
C and ICHOOZ is set such that ICHOOZ = (4 of digits) -

C
ICHOOZ = -I

IF (IVAL .GE. 10) ICHOOZ = 0
IF (IVAL .GE. 100) ICHOOZ = I
IF (IVAL .GE 1000) ICHOOZ = 2
RETURN



t N LV
C
C
C

FUNCTION IROUNWI(REAL)
C
C PURPOSE
C To round off a real value
C
C USAGE
C IROUNII. REAL)
C
C INPUT PARAMETERS
C REAL - The real numiber to be rounded off
C
C REMARKS
C None
C
C METHOD
C The real value is increased by 0.5 r,d then truncated.
C
C

REAL = REAL + 0.5
IROUND = INT(REAL)
RETURN
END

.. .. I



C
C Date of revision' 4-Nov-82
C

PROGRAM SCAN
C
C PURPOSE
C To scan a tape for blocks of interest
C
C USAGE
C RUN SCAN
C
C INPUT PARAMETERS
C YEAR - A two digit integer
C F,TB - Selects F arravy, T arravw or Both arravs
C RHOKIN - Minimun average correlation coefficient for blocks of
C interest
C I1FMIN - Minimum change in average correlation coefficient after
C Polarization filtering
C STATS - If Y is entered, statistics will be Printed for each
C block of interest
C START - Integer value of first block to be scanned
C STOP - Integer value of last block to be scanned
C
C REMARKS
C When an ?Er-rO is encountered, that block is skipped and should
C be read bv Program READ to recover lost data
C
C LIBRARIES REQUIRED
C REDLIBMACLIB,SY*:FORLIB
C
C METHOD
C The Prograps scans the trailer data of the tape star-tinv:i at START.
C If the value of RHO is greater than RHOMIN or the chane in FHO
C is greater than IIIFMIN, then the analvsis data (and statistics if
C reouested) are printed. When an EOF (end-of-tile) or the STOP
C blocK is encountered, the program then allows for another scan.
C

0 DIMENSION IMPONG( 100)
COMMON /MTBLK/ IDNSTYIPARTYISTATU(12)
DIMENSION IWKSPC(2168)
COMMON /TRAILY/ IMPING(2068),FELOCFAZIMFFVEVAFR.FAZVAR.IFSTA1,

CFMU( 4 ),FPSI(4 ),FRHO( 6 ),IFMAX( 4 ),IFMIN( 4 ), IFSPQX,FRHOVXFVELOX.
{FAZIMXFVEVAXFAZVAX, TVELOCTAZIMF, TVEVAF:,TAZVAR, ITSTATTM',43 ),

CTPSI(3)PTRHfO(3),ITMAX(3),ITMIN(3), ITSPX,TRHOVX,TVELO', TAZIMX,
C 'VEVAXtTAZVAX

DIMENSION IHEAIDR(20),IHEAI2( 20),IHEAII(20)
DIMENSION FSIGMA( 4),TSIGMA(3)

C

DATA IZERO/O/,FOUR/IHF/,THREE/IHT/, BOTH/tHI(/
DATA XNO/1HN/,YES/1HY/,INO/-I/,IYES/1/
DATA IUNIT/00/,IDNSTY/800/,IPARTY//,IFEV/-1/

C
C Program and wag tape initializ.ation area.
C

0 100 TYPE 10
TYPE 193
ACCEPT 19,JYEAR

C

I



102 CALL MTINIT(IUMIT)
IF (ISTATU(1) .NE. IYES) STOP

C
1 1 0  IGFLAG = INO

TYPE 13
ACCEPT 12,ARRNER

C
TYPE 18
ACCEPT 149RHOKIN
TYPE 171
ACCEPT 14,IIIFMIN
IF (RHOKIN .NE. 0.) GO TO 111
IF (ARRNBR .ED. THREE) RHOIN = 0.7
IF (ARRNBR .EQ. FOUR) RHOKIN 0.5
IF ((ARRNBR .ME. THREE) .ANIIo (ARRNBFR .E. FOUR)) GO TO 110

111 IF (DIFMIN .EQ. 0, ) tIFK IN = 0.2
C

TYPE 16
ACCEPT 12,STATS

C
C Tape read area
C

200 TYFE 190
ACCEPT 19, ISTARTtISTOP
IF (ISTART .EQ. 0) ISTART = I

* IF (ISTOP .EQ. 0) ISTOP = 10000
ISTOP = ISTOP + 2

C
DO 243,1 = 2069,2168

243 IKFINC, I )=0
C

209 110 24591 1,100
II = I + 2068

245 IFONG( I )=IMPING( II)
C

IF (IGFLAG .EQ. IYES) GO TO 201
CALL REIITAP(IUNITIMPINGINREYTISTATU)

* IF (ISTATU(I) .EQ. IYES) GO TO 205
CALL MTSTAT(IUMIT)
IF (ISTATU(8) .EQ. IYES) GO TO 208
GO TO 209

C
205 IF (INPING(2) .EQ. ISTART) GO TO 220

IFWD = ISTART - IMPING(2)
IFWIV = IFWUI - I
IF (IFWII .EQ. 0) CO TO 209
CALL SPCTAP (IUNIT,IFWII,ISTATU)
IF (ISTATU(1) .EQ. INO) STOP
GO TO 209

* C
220 IF (IMF'INC(2) .LE. ISTOP) GO TO 204

C
208 PAUSE I **IIONE**'

IHEADR(2) = 0
IHEAII2(2) 0
IMEADI(2) = 0
GO TO 110

C
204 CALL REIITAF'(IUNIT,IWKSF'CINRI{YTISTATU)



IF (ISTA -T-U( I) .EQ. IYES ) GO TO 211
CALL MTSTAT( IUNIT )
IF (ISTATU48) .EQ, IYES) GO TO 208
GO TO 204

C
211 IF (IhIKSPC(d".) ,NE. IMPING(2)) GO TO 214

IF (IWKSPC(4) .NE. IMPING(4)) GO TO 214
TYPE 17 .IMPING( 2 )

201 DO0 21711 1Y2168
217 ImiPING( I ) IWdKSPC( 1 )

IGFLAG INO
Go TO 204

C
214 IGFLAG = IYES

IF ( IMPIRG(2 *GT. ISTOP) GO TO 208

C

C Tape blocK setuF' and TErrO detection area
C

* 300 Dto 301PI = 120
IHEAIIR( I )=IHEA112( I)
IHEAII2( I )=IHEA.dt1( I )

301 IHEAEI1( I) IM*ING( I)
C

ITRFLG: = 0
IFRFLG =0
DtO 343PI1 2158P2168
Il I - 2068

343 IF (IMPINC( I ) ,EQ. It*'ON-( II) ITRFLG = TRFLG + I
IF (ITRFLG E.EO 11 ) GO TO 347
DtO 34591 2114f2124

* II I - 2068
345 IF (IM.PINC( I) .EQ. ThPONC( II I FF:FLC = IFF:FLG + I

IF (IFRFLG .EQ. 11 ) TYPE 173vIHEA'R( 2)
GO TO 349

347 DO0 348YI 206992124
II = I - 2068

* 348 IF (IMPING4I) .EQ, IPONG(II)) ITRFLG ITF<FLG + I
IF (ITRFLC .LT. 67) GO TO 349
TYPE 172PIHEAIIR(2)
GO TO 209

C
349 FRHOVG =0,

[DO 30291 =1,6
302 FRHOVG =FRHOVG + FRHO( I)

FRHOVG = FRHOVG/6.
C

110 30491 IP14
FSIG4A( ) =FPSI( I)**2 - FtIU( I )*2

* IF (FSIGMA(I) .LT. 0.) FSIGMA(I) =0.
304 FSIGMA( I) SORT(FSIGftA( I)

C
TRHOVG =0.
1D0 303PI IY13

TSIGMA( I) TPSI( I )*2 - TMU I )t:*:2
*IF ( TSIGMA( I) .LT. 0, ) TSICMAI) 0.I

TS1CGIA( I) SQRT(TSICPA( I)
C

303 TRHOYG =TRHOVG + TRHO( I)



TRHOVG = TRHOVG/3.
TROIIIF = TRHOVX - TRHOVG
FROIIIF = FRHOVX - FRHOVG

IF (IHEAE'R(2) .GE. ISTART) GO TO 600
GO TO 209

C

C T arrav signal detection area
C
600 IF (TRHOVG .GE. RHOK1IM) GO TO 623

IF (TRHOVX GE. RHOM'IN) GO TO 623
IF ( FRHOVG .GE. RHOKIN) GO TO 623
IF (FRHOVX .GE. RHOMIN) GO TO 623
IF (TROIIIF .LT. -0.1) GO TO 623
IF (FROI'IF .LT. -0.1) GO TO 623
IF (TROIIIF .GE, tIFMIN) GO TO 623
IF (FRODaIF .GE. IIFMIN) GO TO 623
GO TO 209

C
* 623 III(KNR = IREADtR(2)

JIIAY = IHEAIIR(3)
JHOUR =IHEAtIR(4)
JSEC = IHEAIIR(5)
IERRTO = IHEAIIR( 17)
IZERON = INEAIIR(18)
IOVRNC = IHEAIIR( 19)
IUNIIRN = 1HEAIIR( 20)

C
JFLAG =IZERD

CALL RTCLOt( (JFLACAMONTHYJt'AYJHOURtJMINJSEC)
IF'FLAG = INO

* IEFLAG = IKO
C

IF (ARRt41R .EQ. FOUR) GO TO 605
IF (TROIIIF .LT. -0.1) GO TO 641
IF (STATS .NE. YES) GO TO 610
IF ((TRHOVG .GE. RHOM IN).OR,.(TROIiIF.GEEIIFMIN)) GO TO 605'

* IF (TRHOVX .LT. PHOMIN) GO TO 605
GO TO 604

641 IF (STATS .EQ. YES) GO TO 661
TYP'E 11,TRODIFIIBKNRTHREE.J(AYAMOTJYE:,vJHOURYJMINJSEC
GO TO0605

609 IF (ITSTAT - 0) 601P663P606
* 601 TYPE 180tTHREE

GO TO 604
606 IF (TRHOVG.GE.RHOM'IN) GO TO 661
663 IF (TRODIF.LT.IIFIIIN) GO TO 604

IF (IVELOX .LT. 250.) GO TO 605
IF ( TVELOX . C1. 700. ) GO TO 605

* 661 TYPE 198,JtIAYAMONTHJYEARvJI1OURJMINJSEC
IPFLAG = IYES
TYPE 183,IHEAtIR(2),IZEROCTAZVART'VEVARTRHOVGTAZIMF',TVEL.OCVTRo'ilF

C
604 TYPE 197,IIKtNRIERRTOIZERONtIOVRNGIUNIRWI

TEFLAG = IYES
* TYPE 187vTHREEvTRHO

DO0 61191 =193
611 TYPE 185,THREEITMAX(I),ITMIN(I),TMU(I)tTF'SI(I),TSIGMA(l)

C



610 IF ((TRHOVX .LT. RHOMi'N.ANII.(TrO~lIF.LT.t'IFNIN)) GO TO 605
IF (ITSPOX - 0) 612,613v614

62 TYPE 192vTHREE
Go TO 605

C
613 TYPE 180

GO TO 605
C
614 IF (IVELOX .LT, 250. ) GO TO 605

IF ( TVELOX .67T. 700 . ) GO TO 605
IF (IPFLAC .EQ. IYES) 6O TO 630
TYPE 198,JDA)YAMtOTH.J]YEARtJHOURJMINJS--EC
IPFLAG = IYES

630 TYPE 183.IHEAER(2)ITSPOXTAZVAX.TVEVAX.TRHOVX.YT4ZIMX.TVEL.X,g
& TROJ3IF

C
605 IF (ARRN'R .ED. THREE) GO TO 209

IF ( IFRFLG .EQ. 11 ) GO TO 209?

C

C F arraw signal detection~ area
C

603 II'UM = IHEAIIR( 2) - 3
IF (FROIIIF .LT. -0.1) GO TO 642
IF (STATS .NE. YES) GO TO 615
IF ((FRHOIJG *GE. RHOMIN).OR.(FROIIIF.GE.IIIFMIN)) GO TO 621
IF (FRHOVX *LT. PHOMI1N) GO TO 209
GO TO 602

642 IF (STATS E.EO YES) GO TO 662
TYPE 11,FRODiIFIDUMFURYIAYAMON4THJYEAR.JHOURJMIN.JSEC
GO TO 209

621 IF (IFSTAT - 0) 607,664,608
* 607 TYPE 180wFOUR

GO TO 602
608 IF (FRHOVG.GE.RHOIIIN) GO TO 662
664 IF (FROIIIF.LT.tlIFMIN) GO TO 602

IF ( FVELOX .LT. 250. ) GO TO 209
IF (FVELOX *GT. 700. ) GO TO '2097

662 IF (IPFLAG ,EQ. IYES) GO TO 631
TYPE l98,JIIAYAlOTHtJYErRJHOURJIIINJSEC
IPFLAG = IYES

631 TYPE 1821liIUMPIHEAIIR(2)IZEF.OFA7-VARtFVEVAF,FFRHOVGPFAZIMFF
&FVELOCvFROIJIF

C
* 602 IF (IEFLAC .EQ. IYES) GO TO 632

TYPE 197,1IBKNRIERRTOIZERNIOVR4GIUNIIRN
632 TYPE 181PFBURPFRHO

DO0 616ol = 1,4
616 TYPE 185,FOURIFMiAX(I).IFMIN(I),FMiU(I),FP~si(I)PFSICMA(I)

C
P 615 IF ((FRHOVX .LT. RHOMIN).ANI'.(FROI'IF.LT.E'IFMIN)) GO TO 209?

IF (IFSPOX - 0) 61796189619
617 TYPE 192wFOUR

GO TO 207
C
618 TYPE 180#FOLW

*G 0TO0209

619 IF (FVELOX .LT. 250. ) GO TO 209
IF (FVELOX .GT. 700. ) GO TO 209



IF (IPFLAG .EQ. IYES) GO TO 633
TYPE 198,JIIAYAMONTHtJYEAR, JHOURJMIN, JSEC

633 TYPE 182,IIIUM,IHEA'R( 2),IFSF'QX,FAZVAXFVEVAXFRHOVXFAZItX,
t FVELOXFROIDIF

GO TO 209

C
C FORMATs. area
C

10 FORMAT (I,' SCAN Re.v 5.' )
11 FORMAT (" Cznse in RHO eeuelo,',F6.2,5X,' Bock 4',I,5vX,41,

& " rrav ' I , - , 3 ' ' I ,1 , ' , 2 1 , " .

12 FORMAT (Al)
13 FORMAT (' FT or F? ",$)
14 FORMAT (F6.2)
16 FORMAT (' Statistics? ',$)
17 FORMAT (' BAD FlocK, V",15)
171 FORMAT (' Minimum CHANGE IN RHO? ',$)
172 FORMAT (55X,'?ErrO at Block t',15)
173 FORMAT (40X,'?ErrO at Block V,15)
18 FORMAT (' Minimum RHO? '9$)
180 FORMAT (" ',AI,3X,'***INVALII( ANALYSIS! !**")
181 FORMAT ( ',A1,3X,6F5.2)
182 FORMAT (' F'16,' to,I5,3XI4,2F6.1,3X(,'(',F4.2v')',2FB.2*

t 16X,F5.2)
183 FORMAT (' T'f16,11X,I4,2F6.ll9X,'(',F4,2')',2F8.2,F5.2)
184 FORMAT (' ',Al,2X,6F5.lFS.2)
185 FORMAT (' ,Al1216,3F7.1)
186 FORMAT (' ',A1,2X,3F6*2,12XF5.2)
187 FORMAT (' ',A1,2Xt3FS.2)
19 FORMAT (216)
190 FORMAT (I StartSto.: ',$)
191 FORMAT (/)
192 FORMAT (' ',A1,3X,' *INVALIDI FILTEFR !***' )
193 FORMAT ( Year? 'f$)
194 FORMAT (' Tiwe ,I3,'-',A3,'-',I2,I4,'',I2,' ',I2,'"Z?? V ,7 )
196 FORMAT (713)
197 FORMAT ' *',516)
198 FORMAT ' @ WFA' I3,'-',A3,'-',I2,14,'' ,I2,' ',2,'"Z.')

C
C
500 STOP

END



C************ SCNTWK. FOR
C
C Date of' revision'. 30-SeF'-82

PROGRAM SCNTWK
C
C PURPOSE
C To re-arealvze the data contaied orn a tap'e with the eoli~riz:tcm:-
C filter tweaked
C
C USAGE
C RUN SCNTWK'
C
C INPUT FARAMETERS
C Rev 4 - The revision numeber of RTGAIW bv which the Lappe was
C recorded (an integer)
C TWEAK - The tweat( factor for the Polarization filterv the
C larger the valUe, the meore ernharncedi the fil ter
C YEAR - A two disit numeber
C FROMIN - hinimun, average correlation coefficiernt for F array--
C blocks of interest
C TROMIN - Minimums average correlation coefficient for T arr ;-
C blocks of interest
C FYTEC - Selects F arravp T arravt of Both arrays
C 3 or 4 - Selects the numeber of channels irn the F arr~p-
C START - Inteter value of first blooK to be- calculated
C STOP - Integer value of last blockf to be calculated
C
C REMARKS
C To have valid results for the first four F arrav blocl1ls the
C value of START must be at least four larrger than the blc'cK rnmber

*C of the tape's current Position. It takes about 60 secornds Per
0 C block to do the calculations.

C
C LIB'RAR:IES REPUIREV
C REEILII',MACLII',SY:FORLIE'
C
C METHOD

tC The P-rograme is a streamelined version of READI. Time series
C analvsis. is onlv Performed after Polarization filterin-ig and
C the analvsis data is Printed onlv if the average correlation
C coefficient is larger than the sp'ecifiedj minilmum.
C

COMMON /MTB(LK/ IIINSTYrIFARTYrISTATU( 12)
* COMMON /IARRAY/ IKFIN;(2 168),IIt(RIYICHNL(7)

COMMON /PASFLK/ IWIKIIR(2)4CHNL(S12r4),I3-CHNL(5129.3)
COMMON /AFARAM/ FYIIIF(6)FYIIIF(6),FTIIIF(6)#FSIC-MA('4)rtlYtIF(3),

(TYDIF( 3 )TTDIF( 3)rTSIGMA(3)
COMMON /ANALYS/ IFSPPFRHOVGFVELCFAZIMFFVEVARFAZV ARIFSTATv

(FMU( 4 )FPSI( 4 )FRHO( 6), IFMAX( 4), IFMIN(4), ITSFPOXiTRHOVCTVELOC,
CTAZIKFTVEVARTAZVARITSTATTMU(3)TF'SI(3)TR'tO(3),lTMAX(3),
(ITMIN( 3 )

COMMON /MISC/ ITMPRY( 1536 )FIFCNBRPISTAT.ITAJL.R( 100),IT.CRY( 129)p
(CALLERPINRtIIFINRCHLITRMA~,FIMGRY(256,4)

DIMENSION IIMTBL( 12)

0 DATA IIMTBL/4,5,6,2,3,6, 1,3.5, 1.2,4/
DBATA FXIIIF/2&406.,-5459.,-3685., 7864.,-609i1..91773./"
DATA FYDIF/-5658.t-3099. ,1057.92559.96715.94156.,/
DATA TXIIIF/i7.6,-945.8.-953. 4/.tYLIIF/-1125.9.-578.5.547,4,'



D'ATA INBUFF/'177562/1IMAS~i"177/,IADiCSR,''"177000/
DATA ICETDtT/-1,,IINTrT/OoFOUR1HF/,TH(EEIT,OTH1H(,
DATA XNO/lHN/,YES/lHY/,1NQ/-1-/,1YES/1/,PIVRt4/.0122719/
DATA IUNIT/00/,IltNSTY/800/,IPAFTY/l/,IF:,EV/-,/

C
C P o r u n i s t r E r i i i a t c r
C Porn n iE aeiiilzto
10 YE1
C0 YE1
10 ALMINTINT

10 CL ( IT T(U1 NE.IYST)O
IFCSAUl N.IE )SO
TYE1
TCCET 1,REN
ACEP 4IREVNR E.9INYT=40
IF (IREVNR LGE. 1) INRBYT =430

CF(IEN E 0 NBT 43
TYE 4
ACCEP 14lWA~
AFCEPTWE 141TE. )ITK~ '

CF(TEK Lo )IWA
TYE 9
AYCEP 13JEA

CCET19YA
TYE 4
ACCEP 14,RNNTOI

CCET14FRM~TOI
RID -0

['0U 11, 0.112
THETA9N- = C1( 9129 RNIX
IRRY.)=II(26,THETAN .5)'IVNRIIX

* 119 RINII= F INIIX (26.T A + 1.)
C1 I I RNX+1
10CYE1

ACCTYET 1,RN4
ACEP (ARRNR ,NE REE OT 0
IO TOR B 110HRE G O 0
GO CO11

10CYE1
ACCTYET 1~FCB
ACEP 1I~4yIFCRB4)R 0TO11

CF(F M E.4 OT 1
TYE1

* ACCTYEP 1 ,MSH
ACEP 14SCIMS3HL
K( 0~ = 1,HL3+I
FD F I)lf = 1XtF(IMT3( )
FYDIF( I) = FYDIIF( IIItiTI(L( K))

101FI)=FDI(IMT(( )
10 C
11 ( 12K113
11 O112 M YK) = 1953

11 TYPYK 190
ACCET 19ITR.ITF
ACCEPT 19PISTARTtI- 4

C Tap~e readi area
c

mS -M



109 CALL REIITAP( IUNIT vIMiNG 9INRBEYTvISrATU
IF ( ISTATU4.1I) .EQ. IYES ) CO TO 105
CALL tITSTAT( IUNIT)
IF (ISTATU(S) .EQ. IYES ) PAUSE ' Continiue 'R.
Go TO 109'

C
105 IF ( 1MPII4G(2 ) GCE. KSTART1) GO TO 120

IFWIl = KSTART - I M P1N G e 2)
IFUII = IFWII - 1
IF (IFWII -EQ, 0) GO TO 1059
CALL SPCTA' ( IUNIT#IFWI',ISTATU)
IF ( ISTATU(1) EQ. INO ) STOP
GO TO 109

C
* 120 IF (IMF'INC'2) ,LE. ISTOP) GO TO 104
C
108 PAUSE **IIONE***'

GO TO 110
C

104 CALL REIITAP( IUM'Il'IWKHtI[RINREBYTIS-TATI)
*IF (lISTATU(1I) .EQ - IYES) GO TO 111

CALL MTSTATIU LNIT)
IF (ISTATU(8) .EQ. IYES) PAUSE ' Continue? :CF>
GO TO 104

C
ill IF (IhLKHIIR(2) NME. It1PTNG2)) GO TO 114.

IF (IWKNI(R(4) NME. IMPING(4)) GO 'TO 114
TYPE 17yIMF'ING(2)

C
110 117PI IY12168

117 IMPING( I) =IWKHIIFR( I
GO TO 104

* C
114 CALL SF'CTA'( IUNITYIREV..ISTATU)

IF (ISTATU(1) .EQ. IMO STOP

C
C Dta~t urnwind area

* C
CALL UNWINDI ( INPING,lWKHIRtlTMPRY)
IF (IMPING(2) .LT. ISTART) GO TO 109
IF ( IREVXR . GE. 10 ) GO TO 600
TYPE 141
ST OP

C
C T ara anc-lysis re
C
600 IF (ARRN(R .EQ. FOUR) GO TO 603

ITSPOX = 0
* CALLER = THREE

CALL RTGTIIS
C

IMPING( 18) = ITWEAK
601 CALLER = THREE

CALL FILTER
* 604 IF (ITSP(OX G.CT 0) CO TO 606

TYPE 192wCALLER
GO TO 605



606 CALLER = THREE
FRHOVG = TROMIN
IMPING( 18) = .JYEAR
CALL RTGTIS

C
605 IF (ARRNER .EG. THREE) GO TO 107
C
C
C F arrav analsis area
C

IFSPOX = 0
CALLER = FOUR
CALL RTGTDS

C
603 CALLER = FOUR

IMPING( 18) = ITWEAK
CALL FILTER

608 IF (IFSPQX ,GT, 0) GO TO 602
TYPE 192,CALLER
GO TO 109

C
602 CALLER = FOUR

TRHOVG = FROMIN
IMPING(18) = JYEAR
CALL RTGTDS
GO TO 109

C

C FORMATs aree
C

10 FORMAT (/,' SCNTWK Rev I'',
11 FORMAT (" ?T')
12 FORMAT (Al)
13 FORMAT (' FT or BI? ',$)
14 FORMAT (312)
141 FORMAT (" THIS PROGRAM WILL NOT FEA' REVISIONS LESS THAN 10' )
142 FORMAT (' PURFIL TweaK - actorT ',$)
143 FORMAT (" Minimum F RHO, T RHO? ",$)
144 FORMAT (2F6.3)
15 FORMAT (' 3 or, 4? ',$)
16 FORMAT (' REV S? ',$)
17 FORMAT (' FAII BlocK, #',15)
18 FORMAT (' Missing channel? (0,1,2,3) ',$)
19 FORMAT (216)
190 FORMAT ( Start.,StoPo ',$)
191 FORMAT (/)
192 FORMAT ( A ' ,AI,3X,' INVALIti FILTER! i*::' )
193 FORM AT (" Year? ',$)
194 FORMAT (Y Tine' ,13,'-',A3'-',I2,14,':',12,' ',I2,'"ZT ',$)
195 FORMAT (" Correct time? (Y,M,N,HM) ')
196 FORMAT (713)
197 FORMAT (I,' 4',16)
198 FORMAT (" ',2,'"Z,-)

C
C

500 STOP
END



C**.***..***** STATS .FOR ..****.......*.... * ........ ......
C
C Dtate of revision: 29-Aug-S2
C

PROGRAM STATS
C
C PURPOSE
C To scan one or more tapes and determine average values
C o statistics
C
C USAGE
C RUN SCAN
C
C INPUT PARAMETERS
C YEAR - A two digit integer
C F,T,B - Selects F arrav, T arrav, or Both arrays
C RHOMIN - Minimum average correlation coefficient for blocks of
C interest
C DIIFMIN - Minimum change in average correlation coefficient after
C Polarization filtering
C VELMIN - Minimum value of velocity for blocks of interest
C VELMAX - Maximum value of velocity for blocks of interest
C STATS - It Y is enteredi statistics will be Printed for each
C block of interest
C START - Integer value of first block to be scanned
C STOP - Integer value of last block to be scanned
C
C REMARKS
C When an ?ErrO is encountered, that block is skipped and should
C be read by Program READ' to recover lost data
C
C LIBRARIES REQUIRED
C REILIBvMACLIBSY:*FORLIB
C
C METHOD
C The Prograns scans the trailer data of the tape start.ins at START,
C If the value of RHO is greater than RHOMIN or the change in RHO
C is greater than DIFMIN, then the statistics are sun, red (and
C Printed if renuested). When an EOF (end-of-file) or the STOP
C block is encountered, the Program then allows for another scan.
C

DIMENSION IMPONG(100)
COMMON /MTBLK/ IIDNSTYIPARTYISTATU(12)
DIMENSION IWKSPC(2168)
COMMON /TRAILY/ IMPINC(;2068),FVELOC,FAZIMF,FVEVARFA7VARIFSTAT,

CFMU(4),FPSI(4),FRHO( 6),IFMAX(4),IFMIN(4),IFSPOX,FRHOVXFVFLOY,
(FAZIMXFVEVAXFAZVAXTVELOC,TAZIMF,TVEVAR, TAZVARITSTATTMI( 3 ) :
(TPSI(3),TRHO(3), ITMAX(3),ITMIN(3),ITSPX,TRHOVX,TVEL.OYTA7IM,
(TVEVAX, TAZVAX

DIMENSION TMAXT(3),TMINT(3),TMUT(3),TPSIT(3),TSIGMT(3)
DIMENSION FMAXT(4),FMINT(4),FUT(4),FPSIT(4),FSIGMT(4)
DIMENSION IHEADIR(20),IHEA'2(20), IHEAD1(20)
DIMENSION FSIGMA(4),TSIGMA(3)

C
[DATA IZERO/O/,FOUR/IHF/,THREE/IHT,I:OTH/IHB/
DATA XNO/IHN/,YES/lIY/,INO/-I/,IYES/i/
DATA IUNIT/OO/,IDNSTY/S00/,IPAF:TY/1/,IREV/-1/

C
C Program and mag tsre initialization area,



10 C ~U~~ I

10 TYPE 10
TYPE 193
ACCEPT 19*.JYEAR

C
102 CALL MTINIT(ILJNIT)

IF (ISTATU(l) MNE. IYES) STOP
C

IQFLA.G = IND
TYPE 13
ACCEPT 12vARRNFR

C
TYPE 18
ACCEPT 14tRHOKiIN
TYPE 171
ACCEPI 14vIFMIN
TYPE 174
ACCEPT 14vVELtiIN
TYPE 175
ACCEPT 14vVELMAK,
IF ( VELMAX .EQ. 0.) VELMAX=1 0000.

C
TYPE 16
ACCEPT 12, STATS

KUON4T=0
tOUMT=0
110 110 I1lv4
FMAXT( I)0O.
FKINT( I )=0.
FMUT( I)0,.
FPSIT( I )0.

* FSICtiT(1)=0.
IF (I .EQ. 4) GO TO 110
TMAXT( I)=0.
TMINTCI)=0.
TMJT( I )0.
TPSIT( I )0.
TSIGMT(I)=0.

110 CONTINUE

C
C Tape reacd area

* 200 TYPE 190
ACCEPT 19YISTAETvISTOP
IF (ISTART .EQ. 0) ISTART =1

IF (ISTOP ,EQ, 0) ISTOP = 10000
ISTOP =ISTOP + 2

C
* 1D0 243PI =2069Y2168
243 IM'INI( I )=0

C
20? DO0 24591 1,I100

II = I + 2068
245 IMPONG( I)=IMPINC( II)

* C
IF (IGFLAG .EQ, IYES) GO TO 2101
CALL r<EI1'AP( IUNITIMPINCPINRiYTISTATU)
IF (XSTATU( I) .EQ. IYES) GO TO 205



CALL MTSTAT( IUI4IT)
IF (ISTATU(8) 4ED. IYES) GO TO 208

pG 0TO 209

205 IF (IMPING(2) .EQ. ISTART) GO TO 220
IFUII = ISTART - IK~P1C( 2)
IFUII = IFWLI - 1
IF (IFWI' 4EO. 0) GO TO 209

* CALL SPCTA' (IW4ITPIFWIIPISTATU)
IF ( ISTATU( I) *EQ. INO ) STOP
GO TO 209

C
220 IF (ItIPINC(21 .LE. ISTOP) GO TO 204

C
p 208 PAUSE ' **DONE***'

'TYPE 15
ACCEPT 12vCOt4TNU
IF ( CONTO4U .ME. YES ) GO TO 700
IF (ISTATU(8) *EQ. IYES) CALL REWTAP(IUNITYISTATU)
GO TO 200

p C
204 CALL REIITAP:( IVNITIWKSPC, INRPIYT.IS- TATU)

IF ( ISTATU( I) .EQ. IYES) GO TO 211
CALL MTSTAT( IUNIT)
IF (ISTATU(8) .EQ. IYES) GO TO 208
GO TO 204

'C
211 IF (IWt(SPC(2) .NE. IMFING(2)) GO TO 214

IF (IWdKSPC(4) M4E. IMFING(4)) GO TO 214
C
201 DO0 217PI IP12168
217 IMPING( I) =IUKSPC( I)

* IGFLAG = ING
GO TO 204

C
214 IGFLAG = IYES

IF (IMPING(2) .GT. ISTOP) GO TO 208

*C
C Tare bklocK setup- and ?ErrO detection area
C

300 110 301PI IP120
IKEADP( I ) =IHEAII2(l1)
IHEAtI2( I) =IREAII1( I

301 IKEADVI(I) =IIIPING( I
C

ITRFLG =0
IFRFLG = 0
DO 34391 = 2158v2168
11 = I - 2068

343 IF (fl4PING(I) .EQ, IIPONG(II)) ITRFLG = ITRFLC + 1
IF ( I1RFLG *EQ. 11 ) GO TO 347
110 34591 = 2114#2124
11 = I - 2068

345 IF (ItMPING(I) .EQ. IMFONG(Ifl) IFRFLG = IFRFLC + I
GO TO 349

347 DO 348,1 = 206992124
11=I - 2068

348 IF (IMiPING(I) tEG. IMPONG(II)) ITRFLC = ITRFLC + I
IF (ITRFLG sL1. 67) GO TO 349



GO TO 209
C

349 FRHOVG = 0.
1D0 30291 = 196

302 FRHOVG = FRHOVG + FRHO( I)
FRHOVG = FRHOVG/16.

C
DO0 304#1 1Y4
FSIGMiA( I) FPSI( 1 )*t*2 - FKIU( 1 )**2
IF (FSIGNA( I ) .LT. 0. ) FSIGMA(I 1 0.

304 FSIGMA(I) = SQRT(FSICMA(l))
C

TRHOVG = 0.
DO0 30391 =1Y3
TS1CKA( I )=TPSI( 1 )*4:2 - TM1U( I )tK*2
IF ( TSIGMA. I ) *LT. 0. ) TSIGMA( 1) 0.
TSICtIA(I) = SQFT(TSICMA11f

C
303 TRHOVG = TRHOVG + TRHO( I)

TRHOVG = TRHOVG/3.
TROIIIF = TRHOVX, - TRHDVG
FROIBIF = FRHOVX - FRI-OVG

C
IF (IKEAEIR(2) *GE. ISTART) GO TO 600
GO TO 209

C
C T arraw signal detection. area
C

600 IF (TRHOVG .GE. R.HOMIN ) GO TO 623
IF (TRHOVX .GE. FHOMIN) GO TO 623
IF (FRHOVC G.CE PHOM~IN) GO TO 623

*IF (FRHOVX .GE. RHOKIN ) GO TO 623
IF (TROIIIF .GE. DIFMIN ) GO TO 62 3
IF ( FRODIF .GE. DIFiIN ) GO TO 623
GO TO 209

623 II!41(NR = IHEAI'R(2)
* JIIAY = IREAIR( 3)

JHCUR = IHEA'R( 4)
JSEC = IHEAIIR(5)
IERRTO = IHEAIIR( 17)
IZERON = IHEAIR(18)
IOVRNG = IHEA[IRF(19)

* IUNIIRN = IKEAI'R( 20)
C

JFLAG =IZERO
CALL RTCLO. (JFLAG.AMON~THJfAYJHURJMINJSEC)
IPFLAG = IND
IEFLAG = INO

*C
IF (ARRMBR .EQ. FOUR) GO TO 605
IF <(IRHOYC G.CE RHOKtIN).OR.(TROtEIF.CE.,DIFKIN)) GO TO 609?
IF (TRHOYX .LT* RHOMIN) GO TO 605
GO TO 604

609 IF (ITSTAT - 0) 601P6639606
* 601 TYPE 180,THREE

GO TO 604
606 IF (TRHOVG.GE.RHOIIN) GO TO 604
663 IF (TROIIIF.LT.IIIFMIN) GO TO 604



IF (TVELOX .LT. VELMIN) CO TO 605
IF (TVELOX .GT. VELMAX) GO TO 605

C
604 IF (STATS RKE. YES) GO TO 610

TYPE 197tIIBKNRIEP.RTOYIZEROr(,IOVRNG.IUNDiRN
IEFLAG = IYES
TYPE 19PD~AOToYAvHUPM~JE
IPFLAG = IYES
TYPE 187YTHREEtTRHO
DO0 61111 = 193

611 TYPE 185PTHREEITMAX( I )ITMIN( I )TMU( I )tTFSI( I uTSIGMA( 1)
C
610 IF ((TRHOVX .LT. RHOMIN).AN'.(TRE'IF.1lT.t'IF'tIN)) GO TO 605

IF (ITSPQX - 0) 6129613s614
612 TYPE MP2THREE

GO TO 605
C
613 TYPE 180

1 614 IF (TVELOX .LT* VELMIN) GO TO0 605
IF (TVELOX CGT. VELMAX) GO TO 605
DO0 630 1=193
TMAXT( I )=TMAX(T( I )+FLOAT( ITMA:( I ))
TMINT( I )=TtIINT( I )+FLOAT( ITMIN( I ) )
TMUT( I )=TMU*Yr I )+TMU( I)

* ~TPSIT( I)=TPSIT( I)+TPSI(I )
TSIGMT( I )=TSIGMT( I )+TSICGMA( I

630 CON4TINULE
KOUNT = KOUNT + 1

C
605 IF 4ARF.NIR .EQ. THREE) GO TO 209

* IF (1FRFLG .EQ. 11) GO TO 209
C
C
C F arraw signal detection area
C
603 1IIUM = I HEAI'R( 2) 3

IF ((FRHDVG .GE. RHOtMIN),OR,.(FR'OIIF.GE.TIFMIN)) GO TO 1621
IF (FRHOVX .LT.* RHOMIN) CO TO 209
GO 10 602

621 IF (IFSTAT - 0) 6079,664-)608
607 TYPE 1809FOUR

GO TO 602
608 IF (FRHOVG.GE.RHOMIN) GO TO 602
664 IF (FROIIIFLT.E'IFKIN) GO TO 602

IF (FVELOX oLT. VELMIN) GO TO 209

IF (FVELOX *GT. VELMAX) GO TO 209CF
602 IF (STATS ,NE. YES) GO TO 615

IF (IEFLAG .EQ. IYES) GO TO 632
TYPE 197,IIBKNR',IERRTOIZERONIOVRNGIUNIRN
TYPE 198,JIIAYAtiONTHJYEARJHOURJMIN9,JSEC
IEFLAG = IYES

632 TYPE I81,FOURPFRHO
[D0 61601 = 194

616 TYPE 185,FOURIFMAX(I),IFMIN(I),FMU(I),FPSI(I),FSIGMA(I)
C
615 IF ((FRHOVX *LT. RHOMIN).ANII.(FROIIIF.LT.IIIFMIN)) GO TO 2909

IF (IFSPOX -0) 61796189619



617 TYPE 1929FOUR
GO TO 209

618 TYPE 180PFOUJR
GO TO 209

C
619 IF (FVELOX .LT. VELMIN) GO TO 240?

IF (FVELOX . VELMAX) GO TO 1209
1D0 645 I=1,4
FMAXT( I)=FMAXT( I)+FLOAT( IFMAX(lI))
FMINT( I )=FMINT( I )+FLOAT( IFMIN( I )
FMUT( I)=FMUT( I)+FtiU( I
FPSIT( I )=FPSIT( I )+FPSI( I
FSIGMT( I )=FSICMT( I >+FSICGMA( I)

645 CONTINUE
I(UUNT = KUONT + I
GO TO 209

C
700 IF (ARRNBR .EQ. FOUR) GO TO 702

TYPE 1889THREEtKOUNT
CQLJN. =FLOAT( KOUNT)
lDO 701 1=1,3
TMAXT( I)=TMAXT( I )COUNT
TMINT( I)=TMINT( I)/COUNT
TMUT( I )TMUT( I /COUNT
TPSIT( I )=TFSIT( I )/COUNT
TSIGMT( I )TSIGMT( I)/COUNT
KTMAXIFIXC TiAXT( I))
KTMIN=IFIX TIIINT( I))
TYPE 185p THREE9KTKAXt KTMiIN vTMUT( I vTPsOIT( I )YSIGMT( I)

701 CONTINUE
702 IF (ARRMBFR E.E THREE) GO 7*0 500

TYPE l88vFOURvKUONT
CUONT=FLOAT( KUONT)
lDO 703 I19,4
FMAXT( I )=FMAXT( I )/CUONT
FMINT( I )=FMINT( I )/CUONT
FMUT( I)=FMU"( I )/CLIONT
FPSIT( I )=FPSIT( I )/CUONT
FSIGMT( I )=FSIGMT( I )/CUONT
KFMAX=IFIX( FKAXT( I ))
KFMIt4=IFIX( FMINT( I ))
TYPE '.P5FOUF,KFMAXvKFMINF'MU1( I )PFFPSIT( I )vFSIGMT( I)

703 CONTI RUE

C

C FORMATs apea
C

10 FORMAT (/9' STATS Rev 1.')
12 FORMAT (Al )
13 FORMAT (I FvT or F~? It$)
14 FORMAT (F6.2)
15 FORMAT (I Continue? 't$)
16 FORMAT (I Statistics? '9$)
17 FORMAT ('I BAD' IlocK , # 'fI5)
171 FORMAT (I Minimuma CHANGE IN RHO? It$)
172 FORMAT (55Xp'7ErrO at PlocK V91I5)
173 FORMAT (40XP'?ErrO at BlocK VrI5)
174 FORMAT (I VELMIN? ',$)
175 FORMAT (I VELMAX? I,$)



18 FORMAT ('Minimum RHO? '$

180 FORMAT .'v'Alv3Xy'Z**INVALIDl ANALYSIS! !*4*')
181 FORMAT 7 ',A1.t3Xf 6F5.2 )
182 FORMAT ('F'f16y' to',15,3XiI4,2F6.1,3X,'(',F4.2.')',2F8.2,P

4 16XPFS.2)
183 FORMAT T7*'.6,1X4F2F6.1.9X'',F4.2,')',2F8,2,F5,'2)
184 FORMAT ('v'A1,2Xq6F5.1iF5i.2)
185 FORMAT (7'iAlv2I6v3F7*1)
186 FORMAT ('i'A1.2X93F6.2v12XtF5.2)
187 FO0RMAT ' t 'A1 t2 X13 F 5.2 )
188 FORMAT ('0AVERAGE VALUES OF 'FA1P' ARRAY STATISTICS FOR 't

& I16v' BLOCKS')
19 FORMAT (216)
190 FORMAT ('Stzrt,StoF-'f'
191 FORMAT(I
192 FORMAT A 9,13 X,1 4:1N V AL I I F IL T E R 4:**
193 FORMAT ('YearT '9$)
194 FORMAT (7Tiime''I3t'-'.A39'-',I2,I4,':',Ip2,' 't12q "Z77? 'v$)

196 FORMAT (713)
197 FORMAT (/Y' 4t,56)
198 FORMAT('' 3i-,3'' II4': 2, ' 1''Z')

500 STOP
END
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C*******~** URF IL. **,*****F*:***O*** **R **
C
C Date of this revision: 25-Mav-82 !/4is a RE5AP -0 5L/%iT~.JI)
C
C F' [IN*Tr( S**2) - Tr'( S )**2)3/ ( N - I )*Tr( S )**2) where eachi Trcee
C and cross-term series is apropriatelv c'oncitiornedf i.e. hp~ a.
C "running averager" (SMOOTH) ar'Flied thr'ee times. r.b. This revi-
C sion has exp~onentiation ("tweaI~in&' ) ar'.liedi to the filter coef-r
C ficierats through the factor ITWEAK (pased as IMPINZ( 18)).
C

SUBROUTINE PURFIL(FREARY)

C

C
COMMiON /IARRAY/ IMFPING(2168)IBctKR1YwICHNL(7)
COMMON /MISCI II PRY(1536).IFCNBiRISTATITAILR( 100),ITR'CR'( 129),

(CALLERINRI'IFINRCHLITRMAXFIMGRY(256,4)
COMMON /URb.SPC/* rUMMY 1( 256 )YIIWMMY2( 256 )f TRACE W 256 )f TRACFN( 256)
DIMENSION F'OLARZ( 256 )YFREARY( 256%4)
EQUIVALENCE 'POLARZ( 1 )vUMMY1( 1))

C
C Insure that lit ternis are 0!
C

10 110 11PI =I..INRCHL
FREARY(lyI) = 0.

11 FIMCRY(1I) = 0.
C

IN = INRCHL - 1
FlCOEF = ./FLOAT(IN)
F2COEF =FlCOEF*FLOAT(1NFRCHL)

C
C For., trace terwis of' sF-Ptra1 matrices arnd oeternre Positionr
C (i'reauenew) of~ last (ifs more then one) max~imum value.
C

ITWEAK =IMPING(18)
DtO 20tl 1rd256
TRACEII(I) = 0.

20 TRACEN( 1) = 0.
C

DO0 21P1 = 1vINRCHL
C

DO 229J =1,256
22 EIUMMiYI(.J) = FREARY(JPI )*FREARY(JpI )+ FIM(GRY(,I )*FIMGFY(jvI

C
110 23rN =1#3

23 CALL SMiOOTH(IIUMMY1)
C

DO 219K = IP256
TRACED(K) = TRACEI'(K) + EIUMMY1(t()

21 TRACEN() = TRACEN(h) + PUJMY1(K)*ILMMY1(K)
C

TRACEM = 0.
XTRhAX = 0

* DO 24P1 = 1,256
IF (TRACEI'(1) .LT. TRACEM) GO TO 25
TRACEM = TRACEW' I)
IThMAX = 1

25 TRACET = TRACEW' I )*TRACE'( I)



I(TRACET .CT. 0.) GO T0 24
ITRftAX = 0
GO 10 50

24 TRACEII( I) = F2COEF/TRACET

C
C Form cros-terues of sp'ectral mtrices.
C

DEO 30v1 = 1,IN
I I +1

C
DtO 30,.3 = lI1INRCHL

C
Ito 32tK = 1P256
RLUMMQY 1( K ) = FREARY( K~ I )*FREARY( Kv.J ) + F IMGRY( K, I )*F I MRY( K~ YJ

32 EIUMMY2( K ) =F IMRY( K v I )*FREARY( KvJ ) - FREARY( Ky I )*F IMCRY( Ky 3
C

DO 33tN =1,3
CALL SftOOTH(DIUMMY1)

33 CALL SI400TH(EIUMMiY2)
C

[D0 30rL =1*256
IIUMtIY3 D UMiMY 1( L )**2 + t'UMMY2( L )Wt2
TRACEN( L) TRACEN( L) + 2. *'UfM'3

30 CONTINUE
C
C
G Comp'ute dc-Iree of' "polarization" and filter. datz:..
C

POLARZ( 1) =0.
DO 40,I1 2f256
POLARZ( I) = TRACEN( I *TRACEIt( I) - FlCOEF

* 40 POLARZ( 1) =POLARZ( I)**ITWEAK
C

DO0 41YI = IvINRCHL
C

110 41rJ =195
FREARY(.iwI ) = FPEARY(JwI )*POLVZ(J) + .5

41 FIMCRY(.JYI) = FIMGRY(.J,)*PO' ZJ + .5

50 RETURN
E ND

SUBROUTINE SKtOTHWVECTOR)
C

DIMENSION VECTOR 256)
C

TEMPI= 0.
TEMP2 =.S*VECTOR(l1) + .25*VECTUR( 2)
TEMP3 .5*VECTOR(256) + .25*VECTOR(255)
DO 99?1 =2P255
11 = 1 2
IF (II .GT. 0) VECTOR(II) = TEMP1
TEMPI= TEMP2
TEMF'2 = VECTOR( I-i) + VECTOR., I ) + VJECTOFR I) + VECTOR( 1+1)

* 99 TEMP2 =.25*TEMP2
VECTOR( 254) = TEMPI
VECTOR(255) =TEMP2
VECTOR( 256) = TEMP3



C 
RETURN
END'
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RTGTDS.FDR

C Date of' revision: 5-Jun-82
C
C A subroutine to do the Tinse 1omain Analvses of FRTC4-IW dati;.

CThis version will onlv Print ar, outF-ut if RHC1tC, i rae h
C the user specified value. It is intended for use witi- SCN*TWk.
C

I SUBROUTINE RTCTtIS

COMMON I/IARRAY/ IMPINC( 2168)
COMMON /PASELK/ IWKVItI.( 20), I4CHNL(51294 )vI3CHNL(5i.2,3)
COMMON /APARAM./ FXrIIF(6),FYEIF(6)FTIIIF(6)FSIGMW(4 )TXD.IF( -;),

C1YEIIF( 3 ).TTLIIF( 3 )qTSICMA( 3)
COMMON /ANALYS/ IFSFLXFRHOVCgFVELOCFAZIMFFVEVARFAZVAR, TFSTAT,

CFMU(4)PFPSI(4 )vFRHO(6),IFMAX(4 ),IFMIN(4),ITSPOIXTRHOVTVELOC.,
CTAZIMFTVEVARTAZVARITSTA~tTMU 3 ),TPSI( 3 )TRHO( 3 ).TMAX( 3),
(ITM'!- 3)

S/tIISC/ ITMF'RY( 1536 )sIFCNURP ISTAT YITAILR( 100 )9ITRGPY( 129 )q
CCA .L-EkINR1:IFINRCHLITRMAXFIMGRY(25694)

CCMs13N /WRKSPC/ ItJKSPC4 1152 )PRIIOAr,.Y( 65 ) 91EN119JENIIP IMPT1tIF ,
C RHOMAXiFDIF

C
D'ATA IYES/1/,INO/-l/,THREE/IHT/,FOUR/IHF/,YES/IHY/

C
*C Comp~ute cross-correlations (normsalized coveriarnces) between;
C all Pairs of the ar'ratis.
C

IF (CALLER .EQ. THREE) GO TO 59
C
C Here's the -four elenterit (F) analusis.

*C
ISTAT = ING
INRI3IF = 6
IF ( IFCNBR .EQ. 3) IMR11IF = 3
FNRDIF =FLOAT( INRDIF)

C
64 DO 60YI = 1IFCNBR

CALL KAXMIN(I4CHNL(II),IFMAX(l),IFMIN(I))
IF (IFSPOX *EQ,, 0) CO TO 60
CALL MUNPSI(I4CKNL(lI),FMU(I),FPSI(I))
FSIGMA( I) = FPSI( I) - FKU(I1)**2
IF ( FSICGMA( I) . LE. 0. ) GO TO 62

* FSIGMA(I) = SORT(FSIGMA(I))
FPSI( I) = SQRr( FPSI( I)

60 CONIINUE
IF (IFSPOX .EQ. 0) RETURN

C
FRHOVG = 0.
lEND = IFCNBR - 1
JENII = IFCNBR
M 1
DO 61r1 = IIENII
K=I +1I

11O 61iJ = l(,JEN1,
CALL RTXCOV( I4CKNL(I1,1).I4CHNL(lJ),IhJKSPCRHOARY)

RHOK'AX -10000.



FDIF =32o

DU 639L = 1,65
IF (RHOARY(L) .LE. RHOMAX) GO TO 63
RHOMAX = RHOARY(L)
FTt'IF( M) = FDIF

63 FIIIF = FjiIF - 1.

CFRHO( M) (RHOMAX - FMJ( I )*FMU( J ))/( FSIGMIA( I )FSICMA( JI))

FRHOVC FRHOVG + FRHOU't)
61 M= M+ I

FRHOVG FRHOVG/Ft{RDIF
C

.JYEAR =IMIPING( 18)
CALL BEMEST

62 IFSTAT = ISTAT
C

67 IDLIM = IWl"D~R( 2) - 3
IF (IFSTAT - 0) 66v69968

66 TYPE 10,CALLER
GO TO 69

68 IF (FRHOVG *LT. TRHOVC) RETURN
JDAY = IMPING(3)
JHOUR = IMPING(4)
JSEC = IMPING(5)
JFLAG = 0
CALL RTCLOK(.JFLACAMONTRJDAYPJHOURJMINJSEC)
TYP'E 18,JtAYAMONTHJYEARtJHOURJMINJSEC
TYPE 12vlIUKIWKH1DR(2 )IFSFOXFAZVARtFVEVARFRHOVCFAZIMFFVEL.OC'

69 RETURN
C
C
C Here's the three elpenrt (T) inalvsis-.
C

59 ISTAT =INO

DO 50PI = 1,3
CALL MAXMIN(I3CHNL(lI),ITMAX(I)ITKIN(l))
IF (ITSPOX .EQ. 0) GO TO 50
CALL MUNPSI(13CHNL(1Il)P13iU(I),TFSI(I))
TSIGMA( I) = TPSI( I) - TM~U( I )*2
IF (TSICMA(I) oLE- 0.1 GO TO 52
TSIGMA(I) = SQRT(TSIGMA(I))
TPSI(I) = SQR1(TPSI(I))

50 CONTINUE
* IF (ITSPOX *EQ. 0) RETURN

C
TRHOVC = 0.
M= 1
DO 51,I = 1,2
K=I +1I

* C
IDO 51YJ = Kv3
CALL RTXCOV( I3CHNL(l1,1),I3CHNL.( 1,J),IWKSPCRHOARY)

C
RHOKAX = -10000.
TDIF = 8.

* DO 53vL = 1,65
IF (RHOARY(L) .LE. RHOMAX> CO TO 53
RHOMAX = RHOARY(L)
TTIIIF( M) = TDIF

53 TDIF = TIIIF - .25



TRHO(M) = (RHOKAX- TMJ( I )*TMU(J))/(TSIMA( I )*$TICMW(J))

TRHOVG = TRHOVG + TRH04:M)

TRHOVG = TRHOVG/3.
C

It4RLIF = 3
CALLER =THREE
.JYEAR = IMPINC( 18)
CALL BEMEST

52 ISTAT = ISTAT
C

IF (ITSTAT - 0) 56,57t54
56 TYPE 10sCALLER

GO TO 57
54 IF (TRHOYC .LT. FRHOVG) RETURN

JIIAY = It4PING(3)
JHOUR =IKPING(4)
JSEC = IMPING(S)
.JFLAC = 0
CALL RTCLOK(JFLACiAiONTHYJIIAYJHOURJMINJSEC)
TYPE. l8,.JDAY9,AMONTl-tJYEARJHOURJMiINtJSEC
TYPE 13*IWKHI'R(2)iITS^PCtXTAZVARTVEVARTRHOVGTAZJMF.TVELOV.

57 CONTINUE
C 9. 9 9 9 9 9 * 9 9 99 9 99 , 9 ., 9 99 99 * 9 9 9 99 9 9 9 9 9

C
10 FORMAT ' 'Al , 3X **I NVALIt ANALYSIS!!**V')
11 FORMAT ' 'Al v3Y..,6F5. 2)
12 FORMAT ('F'916t" to'Y15p3X9I4y2F6*193Xg'('tF4.2t')'t2FS.,&)
13 FORMAT (' ltlP42611X'(t4'-v)9F."
14 FORMAT (' ' ,2Xp6F5.1,F5.2)
15 FORMAT (' 'PA1 9216 v3F7 .I)
16 FORMAT ('w'A1,2Xv3F6.d2vl2XvF'S.2)

17 FORMAT ('v'Alv2X1t3F5.2)

le FORMAT U~I,- A,- 1'4 '~2'',2',

C
RETURN
ENDE



C***********K* RTGT DX.*FOR *********************
C
C Dlate of~ revision:' 6-Sep-82
C
C A subroutine to do the Tim~e D'omain, Analyses of F:TGAIW data.
C This version will oniw Print an outpFut if RHOVG is greater than
C the user sp'ecifiedi value. It is intended for use with SCURTK2.

SUB(ROUTINE RTGTEIX
C

COMMON /IARRAY/ IMPING( 2168)
COMMON /PASBLK/ IWKHDR( 20),I4CHNL(51294 ).I3CHf4L(51293)
COMMON /APARAM/ FXItIF(6 ),FYrIIF(6),FTBIF(6),FIIMA(4 ),TX.IIIF(3),

(TYDIF( 3)PTTIIIF( 3 )TSIGMA( 3)
COMMON /ANALYS/ IFSPOXFRHOVGYFVELOCFAZIMF.,FVEVARFAZVARIFSTATt

(FMU(4),FPSI(4),FRHO(6),IFMAX(4)IFMIN4)ITSPQXTRHOVTVELO:,t
(TAZIMFTVEVART2ZVARflTSTA1rTMU 3 ),TPSI( 3 )TRHO( 3 ),ITMAX( 3),
C ITMIN( 3)

COMMON /MISC/ ITMPRY(1536).IFCNBRISTATITAILR( 100),ITRCRY( 129)*
CCALLERINREIFINRCHLITRMAXFIMCRY(25694)

COMMON /URtKSPC/ 1It(SPC( 1152 )tRHOARY( 65) Y IENhlYJENl 11'UMvTtIIF F
C RHOMAXFDiIF

C
DATA IYES/l/,INO/-l/,THREE/iIT/,FOUR/IHF/fYES/IHY/

C
C Comp~ute cross-correlations (normjalized cov;:rianc-es) between
C all Pairs of the arrays.
C

IF (CALLER *EQ* THREE) CO TO 59
C

* C Here's the four element (F) an.;lvsis.
C

ISTAT = 114
It4RDIF =6

IF (IFCN.FR .EQ. 3) INRVtIF =
FNRD1IF =FLOAT(INRDtIF)

* C
64 [10 60rI IPIFCNBR

CALL MAXM1N(14CHNL(1pl)pIFKAX(I),IFMIN(1))
IF (IFSPOX .EQ. 0) GO TO 60
CALL MUNPSI(I4CHNL(lI)iFKU(I)YFPSI(I))
FSIGMA(I) = FPSI(I) - FMU(I)**.2

* IF (FSIGMA(I) .LE. 0.) GO TO 62
FSIGMA(I) = SQRT(FSIGMA(I))
FPSI(I) =SOR(FPSI(l))

60 CONTINUE
IF (IFSPOX ,EQ. 0) RETURN

C
9 FRHOVG, 0.

IEND = IFCNZR - I
JENII = IFCNE(R
M 1
DO0 61,1 =IrIENI'
K I +1I

* C
DO 619.J KvJE4Il
CALL FRTXCOV( I4CHNL-(liI ),4CHNL( 1.J)IWKSPCRHOARY)

RHOMAX = -10000.



FBIF = 32.
DtO 63IIL = IP65

* IF (RHOARY(L) .LE. RHOM~AX) GO TO 63
RHOtIAX =RHOARY(L)
FTDIF(M) = FIIIF

63 FDiIF = FDIF - 1.
C

FRHO( M4 =RHOKtAX - F14U( I )*F14U( J M / FSIG14A I )*FSIGMA( J)
FR140VG =FRHOVG + FRHO(If)

61 M = M+ 1
FRHOVG = FRHOVG/FRi'F

C
JYEAR = 114P11G( 18)
CALL FEMEST

62 IFSTAT =ISTAT
C

67 1IDUKf = I ItER( 2) 3
IF (IFSTAT - 0) 66y69#68

66 TYPE 10PCALLER
GO TO 69

68 IF (FRHOVG .LT. TRHQVG) RETURN
JDAY = I1PING(3)
JHOUR = IMINIM(4)
JSEC = IlPING(5)
JFLAG = 0
CALL RTCLOK( JFLACAMONTKJIIAYJHOUR,J141NtJSEC)
TYPE 18,JIIAYAMONTHJYEARtJHOURJIINJSEC
TYPE 12,IDUMIWKHIIr (2),IFSPOXFAZVAR,-FVEVARFRHO'VGFAZIM1FFVEL0C

69 RETURN

C
C Here's the three elentent (T) aralvsis.
C

59 ISTAT = 1?40
DO 50PI = 193
CALL MAXMIN4(I3CHNL(lI),ITIAX(I),ITmIN(I))
IF ( ITSPOX .EQ, 0) GO TO 50
CALL IUNFSI(3CHNL( lv1),TK4U( I ),TSI( I)
TSIG14A( I) = TPSI( I) - T14U(I1)**2
IF ( TSIGIIA( I) .LE. 0. ) GO TO 52
TSIGMA(I) = SORT(TSIGMA(I))
TPSI(1) = SQRT(TPSI(l))

50 CONTIN4UE
IF ( ITSPOX *EQ. 0) RETURN

TRHOVG = 0.

110 51il = 1Y2
K=I +1I

DO 51PJ = I(,3
CALL F(TXCOV( I3CHNL(l1,!)YI3CHNL( 1tJ)PIWKSPCtRH0ARY)

C
RHUMAX = -10000,
TDIF = go

* DO 539L = IP65
IF (RI$OARY(L) .LE, RHO1MAX) GO TO 53
RHOftAX = RHOARY(L)
TTDIF(14) -TDIF

53 TIIIF = TDIF - 25



TRHO( M) (RHOt4AY - TIQJ( I )*CTML( J i/ TSIGK'A( I )*TSICKA( J)
TRHOVG =TRHO'JG + TRHOUI)

51 M=M + I
TRHOVG =TRHOVG/3.

C
INRDIiF = 3
CALLER =THIREE
JYEAR = IKPIRG( 18)
CALL REMEST

52 IISTAT = ISTAT
C

IF (ITSTAT - 0) 56957t54
5,6 TYPE 109CALLER

GO TO 57
54 IF (TRHOVG .LT. FRHOVG) RETURN

JIIAY = IMPING(3)
JHOUR = IKPING(4)
JSEC = IMPING(5)
JFLAG =
CALL r<TCLOK(JFLAGAMONTKtJIIAYoJHOURJMINtJSEC)
TYPE 18,.JIAY 1AMON'TI-JYER.JHOURJMIN.JSEC
TYPE 13,IUKHIIR(2)YIISFQXT~iZYARTVEVARTRH)VG.TAZIMF.TVEL0C

57 CONTINUE

v 10 FORMAT (''Aly3Xv'**$INVA'LII ANALYSIS! !~**' PS)
11 FORMAT (' 'Alv3Xt6F5.2i*)
12 FORMAT ('vl 6p' to',I5,3X,14,2F6.1,3X,'(',F4.2i')',2F8.2,$)
13 FORMAT ' T 6,11X,1492F6.1.19X9'(',F4.2t')'#2F8o2t$)
14 FORMAT ('v'A1,2Xv6F5.l9F5.2v$)

15 FORMAT ('v'Alw216q3F7,lv$)
16 FORMAT ('v'Alv2Xy3F6.2vl2,.F5.2i$)
17 FORMAT (''Al92Xg3F!:.2v$)
18 FORMAT(''I3-'3,-,2I5:.v I'Zv)

C
RET URN

* END



QFFPL IF. ANALY51 PR~OGRAe~MS

These Programs were adacted bw Bruce McKibben fr-on, software developed bi

Jon Olson. TheL4 are designed fnr" doing e>tensive analhsis on single blocks
of data. In most cases, the Programs are restricted to data strings where
Lhe number of Point.s is a power of two. Most of these Programs use routines
fron, ANTLIIB. Program IIATGET uses the MACRO tape handling routines from
TAPEIO. OEJ. (TAPEID ic included in MACL.IP in this book. ) These Programs
rnag hp found on disks labeled ANTWRK.

:In the following description-, F datablocK refers to the raw data as it is
stored on the tapoes. A dataset is the data from 3 or 4 records as it is
s.tored in an FTN data file on disk. A recordfile is the data from one
r-ecord e.-tracted from a dataset, and is also stored in an FTN data file on
disk.

ANLY7 A Program which calculates the correlttion coefficients, azimuth and
velocitv from a dataset.

RFMFI L A Program which filters a dataset bw use of the beamsteer vector
at a specific azimuth, slowness, and frequency.

rIATGET A Program which unwinds a datablo'K from the matace and returns a
dataset for each arraw.

* r(ATLST A program which lists the contents of a recordfile of up to 512 points.

DATPLT A Program which creates a line Printer Plot of a recordfile.

FK(DETI A program which produces a detection "mape" over user specified ranges
of azimuth and slowness at a user specified fremuencv.

FK'ET2 A Program similiar to FKrIET1, but Produces a data message in FTN17.0'AT

MODEM A MACRO routine which converts ASCII code to BAUDOT code, and outputs
a message file to the teletwpe (PC,).

* F'OLFIL A program which filters a long dataset bw use of the freauencw
dependent degree of polarization, and a sliding window method.

F*UREFL A progranm which filters a dataset b. use of the frenuencw dependent
degree of Polarization.

* RECCFT A Program which extracts a recordfile front a dataset.

rPCTRM A Program which calculates the Power and trace spectrums of a dataset.

SPEKT2 A Program which calculates the Power, coherency, Phase and trace
spectrums for a Pair of records.

,



C********~*****ANL YZ *FOR*******t************
C
C Date of revision: 26-Jul-82
C

PROGRAM ANLYZ
C

C PURPOSE
C To Perform time series analsis on a dataset
C

C USAGE
C RUN ANLYZ
C
C INPUT PARAMETERS
C IBKNR - BlocK number of dataset
C NARRAY - Arrav t-Pe (1 if n-6; 0 if n-7)
C NREC - Number of records (3 or 4)
C NOP - Number of Points for analusis
C NSTRT - First Point for analsis
C MREC - Missing channel (0,1,2,3,4,5,6 or 7)
C
C REMARKS
C UnliKe the other analusis Programs, this Program does not use
C the FFT, and therefore, MOP is not limited to Powers of 2.
C Provision is made in this Program for the future expansion of
C the n-6 arraw to four channels. When this is done, the X and Y

t C coordinates of the new station should be inserted as indicated.
C
C LIBRARIES REQUIRED
C ANTLIBSY:FORLIB
C
C METHOD
C The MOP Point segment from each data string is selected from the
C raw data. The cross-correlations between pairs are calculatedi
C and the results used in the least-souares determination of the
C azimuth and velocitw of the signal.
C

COMMON /AZIMUT/ THETAVELCTHETACVEL
COMMON /CORPAS/ DELT(6),CORR(6),IELX(6),DELY(6),NOSPMREC
COMMON /DATPAS/ DATA( 512,4 ) ,FXI( 512,4 ),NOP ,NST RT NARRAY, IREC
DIMENSION X(4),Y(4)
EQUIVALENCE (X(1),FXI(1,1)),(Y(1)iFXI(5,1))

C
C
C Program initialization area
C

TYPE 5
5 FORMAT (I ENTER IIKNRNARRAY#NRECNOP,NSTRT')

ACCEPT 10,IRKNRNARRAYNRECNOPNSTRT
10 FORMAT (5110)

0 IF (NSTRT .EQ. 0) NSTRT=I
IF (MOP .EG, 0) NOP=512
IF (NREC .EQ. 0) NREC=4
MREC=O
IF (WREC *EQ. 4) GO TO 20
TYPE 15

a 15 FORMAT (' ENTER MISSING CHANNEL')
ACCEPT 10MREC
MREC=MREC+I
IF (NARRAY .EQ. 1) MREC=MREC-4

20 NOSP=NREC



IF (NOSP ,EQ* 4) NOSP=6
X(1 )=0.
Y( 1 )=O.
IF (NARRAY .EQ. 1) GO TO 25
X( 2 )=-2405.5
Y(2)=5657.9
X( 3 )=5458.7
Y( 3)=3098.9
X(4)=3685.3
Y(4 )=-1056.7
KUNIT=11
KREC=4
GO TO 30

25 X( 2 )=-7.6
Y(2)=1125.87
X( 3 )=945.8
Y(3)=578.8

C The comment flags should be removed from these statementst and
C the values of the new station location should be inserted, when
C the small arraw is expanded to four channels. The value of KREC

C should be changed to 4.
C X(4)=O.
C Y(4)=0.

KUNIT=12
KREC=3

C The following statement should be removed when the new station
C is added to the susten.

MREC=4
30 READ (KUNIT) ((IIATA(JI),J=1,512),I=1,KREC)

NREC=4

C9 C

C Set up station Pairs to be used for analwsis
C

N=O
NRECI=NREC-1
DO 40 IX=INREC1

IF (IX .EQ. MREC) GO TO 40
KY=IX+1
DO 35 IY=KYNREC

IF (IY .EQ. MREC) GO TO 35
N=N+I
DELX( N )=X( IX )-X( IY )
IIELY( N)=Y( IX)-Y( IY )

35 CONTINUE
40 CONTINUE

C
C Call analysis subroutines

* C
DO 45 IREC=I,NREC

IF (IREC .EQ. MREC) GO TO 45
CALL SELECT

45 CONTINUE
CALL XCORR
CALL LSGRS

C
C Output results
C



AVCORR=O.
D50 N=hNOSP
DOAVCORR=AVCORR+CORR( N)

WRITE (7P55) NoDELT(N~vCORR(N)
50 CONTINUE
55 FORtiAT (I692FI0.3)

AVCORR=AVCORR/NOSP
j WRITE (7960) UI(KNRAVCORReTIIETACTHETAVEL,CVEL

60 FORMIAT (I5tl1XvF5.3i2Xp2F10.3'8X,2FlO.3)
CALL EXIT
END



- C************* BEKFIL.FOR ***Z***z***gz**g****X**.*Xz**
C
C fDate of revision: 26-Jul-82
C

PROGRAM BEMFIL
C

C PURPOSE
C To filter a 3 or 4 channel time series through the application
C of the freeuencw dependent beam-steer vector to the transform
C of the time series
C
C USAGE
C RUN BEMFIL
C The dataset must be stored in FTN11.DIAT or FTN12.DAT
C The filtered dataset is returned to FTN21.DAT or FTN22.JPAT
C
C INPUT PARAMETERS
C IBKNR - Block number of dataset
C NARRAY - Arraw twPe (1 if n-6; 0 if n-7)
C NREC - Number of records (3 or 4)
C NSMO - Number of smoothings
C Ic - Power factor for filter sharpening
C MOP - Number of data points (must be a Power of 2)
C NEST - Freouenc estimate for beam-steer
C SLOW - Slowness for beam-steer
C THETA - Azimuth for beam-steer
C MREC - Missing channel (0,1,2t3,4,596 or 7)
C
C REMARKS
C Provision is made in this program for the future expansion
C the n-6 arrav to four channels. When this is done, the two
C station coordinates should be inserted as indicated below.
C
C LIBRARIES REQUIREID
C ANTLIPPSY:FORLIB
C
C METHOI
C The state vector is calculate from NEST, SLOW, and THETA, and
C is Passed to the subroutine for filtering
C

COMMON /h'ATPAS/ hIATA(512,4),FXI(512,4),NOP,IGNARRAYIREC
COMMON /aETEKJ PETR(50,50),rIDIRECMREC
COMMON /SPEC/ SKATR( 256),TRACE(256),NRECNHALFNSMOFNOP
DIMENSION AR(4),AI(4),X(4),Y(4)
EQUIVALENCE (AR(1),IIETR(1,50)),(AI(1),IIETR(5,50))
EQUIVALENCE (X(1),DETR(9,50)),(Y(1),DETR(13,50))

C
C Programinitielization area

* C
TYPE 5

5 FORMAT (I ENTER IBKNRNARRAYNREC9NSMO,IGNOP' )
ACCEPT 10,IDKNRNARRAYNRECNSMO,ICNOP

10 FORMAT (6110)
TYPE 15

15 FORMAT (' ENTER NESTSLOWTHETA' )
ACCEPT 20,NESTSLOW,TKETA

20 FORMAT(110,2F10.4)
IF (NOP oEQ. 0) NOP=512
IF (I .EQ. 0) IG=1

S



IF (NSMO .EQ. 0) NSMO=3
IF (NREC .EQ. 0) NREC-4
MREC=O
IF (NREC .EQ. 4) GO TO 30
TYPE 25

25 FORMAT (' ENTER MISSING CHANNEL')
ACCEPT 10,MREC
TYPE 65,THETASLOWNEST,IKNRIGMREC
MREC=MREC+I
IF (NARRAY .EQ. 1) MREC=MREC-4
GO TO 35

30 TYPE 60,THETASLOWNESTIBKNRIC
35 X(1)=0.

Y(1)=0.
IF (NARRAY.EQ . ) GO TO 40
KREC=4
X( 2 )=-2.406
Y( 2 )=5.658
X( 3 )=5.459
Y( 3 )=3.099
X(4)=3.685
Y( 4 )=-1. 057
IUNIT=11
FREQ=FLOAT( NEST-I )/512.
GO TO 45

40 X(2)=-0.008
Y(2)=1.126
X( 3 )=0. 946
Y( 3 )=0.579

C The comment flags should be, removed from these statements, and
C the values of the new station location should be inserted, when
C the small arraw is expanded to four channels. The value of KREC
C should be changed to 4.
C X(4)=0.
C Y(4)=0.

KREC=3
IUNIT=12

* FREQ=FLOAT( NEST-I )128.
C The following statement should be removed when the new station
C is added to the system.

MREC=4
45 NREC=4

NHALF=NOP/2
* FNOP=FLOAT(NOP)

TOPI=2. *3.14159
RAII=TOPI/360.
OMEG=TOPI*FREQ
THETA=THETA*RADE
CST=COS( THETA)
SST=SIN(THETA)

C
C Calculate state vector
C

AMAG=0.
D O 50 IREC=INREC

IF (IREC .EQ. MREC) GO TO 50
TAU=SLOW*( ( X( IREC )-X( 1) )*SST+( Y( IREC )-Y( 1 ))*CST)
ARG=OMEC*TAU
AR( IREC )=COS( ARG)



AVIIZEC)SIN(ARG)
AIAG=AMAG+AR( IREC )**2+AI( IREC: )**2

50 CONTINUE
155 IREC=19NREC

IF ( IREC ,EQ. IIREC) GO TO 55
AR( IREC )=AR( IREC )/AMAG
Al( IREC: )=AI( IREC )/AMAC-

55 CONTINUE

C

c Filter date

READ' (IUNIT) ((1ATA(JPIREC)J1,PNOP)vIREC=1,KREC)
CALL BEAMFL
IUNIT=IUNIT+1O
WRITE (IUNIT) ((lATA(JIREC)tJ1PNOP)PIREC=19.EC)

60 FORMAT(' BEAMFILTER AT rF5.19DtEG 'PF*3.19'S/KM NEST='tl2g/
& l5XP'BLOCK *'YI5v' IG=',I1)

65 FORMIAT(' JEAMFILTER AT 'iF5.1o'DIEG 'oF3.lt.'S/KM NEST='t12t/
t% 15XY'BLOCK 4'9159' IG'IIII CHANNEL'v12y' MISSINQ')

CALL EXIT
END!



~**********~****** tATGET .FOR **********t****
, ! C

C Date of revision* 20-Aug-8?
C

PROGRAM DATGET
C
C PURPOSE
C To read and unwind data from the tape (Rev 10 to Rev 17)
C
C USAGE
C RUN DATCET
C F arrav data is returned to FTNII.DAT
C T arrav data is returned to FTN12.DAT
C
C INPUT PARAMETERS
C IBKNR - Starting block number
C
C REMARKS
C F arraw data is returned for the 512 seinnd Period starting
C with IBKNR. T arraw data is returned for the 128 second
C Period of IBKNR.
C LIBRARIES REQUIRED
C TAPEIO,SY:FORLIB
C
C METHOD
C The tape is advanced to the desired starting block. Four
C blocks of data are read and unwound into FTNI. Onlw the
C first block read is unwound into FTN12.
C

IIMENSION IKEAII(20),IIAT(2048),ITAP(2168),TOT(7),IIATA(512,7)
EQUIVALENCE (IHEAD(I),ITAP( 1)),(IIAT(1),ITAP(21))

C

C Prog-raf, initialization area
C

IUNIT=O
CALL INITAP(IUNIT,800,IISTATU)
TYPE 100
ACCEPT 105,IBLOCK
DO 5 N=1v7

TOT(N)=O.
5 CONTINUE

MBLOCK=IBLOCK-i

C
C Tape positioning area
C

10 CALL REEITAP(IUNITITAP,4336,ISTATU)
IF (ISTATU+O) 15,15,25

15 TYPE 20,ISTATU
20 FORMAT(' TAPEREAD ERROR ',118)

GO TO 95
25 IF (ITAP(2)-MBLOCK) 3O,35,30
30 ICOUNT=MBLOCK-ITAP( 2)-i

CALL SPCTAP (IUNITICOUNTISTATU)
Go TO 10C....... ; .....9~*9 4, .... * 9* 9* * 9 99 9 * 9 * 9 *9 * 9 9 9 *

C
S Bpd Block detection area

C



35 MI*AP=ITAP( 2)
NTAP=ITAP( 4)
DtO 85 N1lv4

40 CALL REPTAP( IURIT9ITAPP4336,ISTATU)
IF (ISTATU+0) 45945,50

45 TYPE 20,ISTATU
GO TO 85

50 IF (ITAP(2).NE.MTAP) GO TO 60
t IF (ITAP(4).NE.NTAP) GO TO 60

TYPE 559ITAP(2)
55 FORMAT(' BADt BLOCK 4'tI5)

GO TO 40
so MTAP=ITAP(2)

NTAP=ITAP( 4)
C ~* * ~ * 9 9 9 9 9 9 9 9 9 # 9 # 9 9 9 9 9 ~ 9 9 9 9 9 9 9 9

C
C F ;i'raw data unwaind ar'ea

TYPE 105*ITAP(2)
DtO 70 L=19128

1D0 65 Klt4
LL=(N-l )*128+L
EIATA( LL tK )=FLOAT( IDAT( K+16*L-16))
TOT( K )=TOT( K )+DATA( LL9K.)

65 CON71NUE
* 70 CONTINUE

C T arraw date unw~ind area

IF ( N.NE. 1) GO TO 85
DO 80 K=5r7

L~l
DO 80 J=lf,128

1DO 75 M=1.10i3
DATA(L.K)=FLOAT( IIAT(M+K+16*J-17))
TOT( K )=TOT( K )4EIATA( L K)
L=L*1

75 CONTINUE
80 CONTINUE
85 CONTINUE

C . . , . . . . . 9 9 9 9 9 9 9 9 9 9 9 . . 9... 9 9 9 9 9 9

C
C Dlat~a outL-uL area
C

DO0 90 KIP7
DO0 90 L=19512

1'ATA( LvK)=1'ATA( L9K)-TOT( K)/512.
90 CONTINUE

WRITE (11) ((1AA(LvK)vL=1t512)oK~lv4)
WRITE (12) ((DATA( LPK )PL=1v512 )oK=5v7

95 CALL EXIT
100 FORMIAT (' INPUT BLOCK NUMBIER')
105 FORMAT (110)

ENDL



C :*******:t******* tIATLST .FOR **************Z: *****E*
C
C Dtate of revision: 14-Maw-82
C

PROGRAM VATLST
C
C PURPOSE
C To maKe the data in a recordfile available to the terminal
C
C USAGE
C RUN EIATLST
C
C INPUT PARAMETERS
C NOF - Number of Points in recordfile
C INFILE - Logical unit of recordfile
C
C REMARKS
C None
C

C LIBRARIES REQUIRED
C SY:FORLIB
C
C METHOD
C The data is read into an arraw which is then Printed
C

t DIMENSION DATA( 512)
TYPE 5

5 FORMAT(' ENTER NOPINFILE')
ACCEPT lONOF',INFILE

10 FORtAT(216)
READ (INFILE) (IIATA(J),J=1NOP)
WRITE (7,15) (DATA(J),J=1NOP)

15 FORMAT (5F15.2)
CALL EXIT
END{



C************* DATPLT. FOR 'I***************I**.***********z*********I
C
C Date of revision* 13-Ma-82
C

FROGRAM VIATF'L T
C

C PURPOSE
C To Produce a plot of a recordfile on the line Printer
C
C INPUT PARAMETERS
C NOp - Number of Points to be Plotted
C INFIL - Logical unit of recordfile
C YMIN - Minimum value of vertical axis

t C YMAX - Maximum value of vertical axis
C
C REMARKS
C None
C
C LIBRARIES REQUIRED
C SY:'FORLIB
C
C METHOD
C An asterisk is Placed in each line Printer line corresponding
C to the scaled value of the data Point.
C

LOGICAL*l ASTDOTDASH,CROSSBLANKTEMP
DIMENSION Y(512)
LOGICALK1 LINE(80),RULE(80)
DATA ASTIOT,1DASHCROSS,BLANK I','.','-','+'," '/

C
C Program initialization area
C

ISC=O
TYPE 10

10 FORMAT(' ENTER NOPINFILEYMIN9YMAX" )
ACCEPT 20,NOP,INFILYMIN,YKAX

20 FORMAT( 21592F10.4 )
READ (INFIL) (Y(I),I=INOP)
IF ((YMAX.NE.0).OR.(YIN.NE.0)) GO TO 30
YMAX=-10000.
YMIN=10000.
DO 30 I=1NOP

IF (Y(I).GT.YMAX) YMAX=Y(I)
IF (Y(I).LT.YMIN) YMIN=Y(I)

30 CONTINUE

C
C Horizontal axis set-up area

* C
RANCE=YMAX-YMIN
TYPE 40,YMIN,YKAX

40 FORMAT(1X,F6.1,T75,F6.1)
DO 50 1=1,80

RULE( I )=DOT
50 CONTINUE

110 60 I=180,8
RULE( I )=CROSS

60 CONTINUE
TYPE 70t(RULE(I),I=1,80)

S



70 FORHIAT( IX98OAl

CI C* . .* . ,0. ... to. o**Ooo * o* ofot6* 0 00*004904,000000600*000*O*** ** ** 9*

C
C Plot ar-ea
C

[DO 80 1=1,80
LINE( I )=BLANK(

80 CONTINUE
LINE( 1)=CROSS
DO0 90 11,VNOP

IIIST=( Y( I)-YNIN )/RANGE
IP=IFIX(DIST*80* M+
TEMP=LIME( IP)

t LINE(IP)=AST
TYPE 70y(LIME(II)uII=l,80)
LIKE( IP )TEMP

90 CONTINUE
TYPE 70#(RULE(I)YI=1980)
TYPE 40PYMINPYftAX
CALL EXIT
ENDI



C***Z************:*** FKDET 1 FOR *$*******************
C
C Date of revision: 18-Aug-82
C

PROGRAM FKDET1
C

C PURPOSE
C To Produce a 50 bJ 50 slowness-theta diagram
C
C USAGE
C RUN FKE'ET
C Input data is read from unit 11 or 12
C The diagram is output to unit 7 (default TT:)
C
C INPUT PARAMETERS
C IBKNR - .locK number of dataset
C NARRAY - Arraw tuPe (1 if n-6; 0 if n-7)
C NREC - Number of records (3 or 4)
C NSMO - Number of smoothings
C I; - Power factor for detector sharpening
C NOP - Number of data Points (must be a Power of 2)
C MREC - Missing channel (0,1,2,3,4,5,6 or 7)
C THMIN - Minimum value of theta for diagram
C THMAX - Maximum value of theta for diagram
C SLMIN - Minimum value of slowness for diagram
C SLMAX - Ma>imum value of slowness for diagram
C EST NR - Estimate number of freouencw for analwsis
C DMIN - Minimun, detector value to be output
C DMAX - Ma>:imum detector value to be output
C
C REMARKS
C Provision is made in this Program for the future expansion of
C the n-6 arraw to four channels. Uhen this is done, the X and Y
C coordinates of the new station should be inserted before
C statement 7.
C
C LIBRARIES REQUIRED
C ANTLIPSY:FORLIB
C
C METHOII
C A beam-steer state detector is applied to the spectral matrix
C at the specified freo.uencv. To save memorw space* the spectral
C matrix is determined at seven freQuencies near the specified
C freauencw. These ape smoothed, then all but the freouencw of
C interest are discarded.

C
COMMON /DATPAS/ IATA(512,4),FXI(512,4),NOPMREC,NARRAYIREC
COMMON /DETEK/ DETR(50,50),IDIREC, INULL

* COMMON /SPEC/ SMATR( 256 ),TRACE( 256 ),NRECPNHALFNS.MO FNOP
DIMENSION IIIET(50),AR(4),AI(4),SPMR(9),SPMI(9)
DIMENSION TEMPR(4)iTEMPI(4),X(4),tY(4),SLAN(5),SLVAN(5)
DIMENSION SPMAR(4,4),SPMAI(4,4),NUMBS(50)
EQUIVALENCE (IDET(1).SMATR(1)),(AR(1),SMATR(51))
EQUIVALENCE (AI(1),SMATR(55)),(TEMPR(1),SMATR(59))

* EQUIVALENCE (TEMPI( 1 ),SMATR(63)),(SLAN 1 ,SMATR(67))
EQUIVALENCE (SLVAN( 1 ),SMATR( 72))
EQUIVALENCE (SPMR( 1 ),SMATR( 150)),(SPMI( 1 ),SMATR( 160))
EQUIVALENCE (SPMAR(1,1),SMATR(170))u(SPMAI( 1,1)uSMATR(190))

Cee.. *9499 * * * 4999999* 4 999999999*9 e999 e94 $$49*99 $999$4$99*9 9.99 9 .4.9

$



C
C Program initialization area
C

TYPE 2
2 FORMAT ('OENTER IBKNRRARRAYNRECPSKO,IQNOP' )

ACCEPT 3,IBKNRNARRAYNRECNSO, IGNOP
3 FORMAT (6110)

IF (NOP .EO. 0) NOP=512
IF (IG .EQ. 0) IG=1
IF (NSMO .EQo. 0) NSKO=3
IF (NREC .EQ. 0) NREC=4
MREC=O
IF (NREC EQo. 4) GO TO 5

f TYPE 4
4 FORMAT (' ENTER MISSING CHANNEL')

ACCEPT 3rMREC
MREC=MREC+l
IF (NARRAY tEQ. 1) MREC:=MREC-4

5 SINT=I.
IF (NARRAY.EQ.1) SINT=.25
X( 1 )=Q.
Y( 1 )=0.
IF (NARRAYEQ.1) GO TO 6
KREC=4
IUNIT=11
X( 2 )=-2.406
Y( 2)=5.658
X( 3 )=5.459
Y(3 )=3.099
X(4 )=3.685
Y( 4 )=-1.057

9GO TO 7
6 IUNIT=12

X( 2 )=-0.008
Y( 2 )=1# 126
X( 3 )=0.946
Y( 3)=0.579

C The comment flags should be removed from these statementst and
C the values of the new station location should be inserted, when
C the small arraw is expanded to four channels. The value of KREC
C should be changed to 4.
C X( 4 )=0.
C Y(4)=0.

* KREC=3
C The following statement should be removed when the new station
C is added to the system.

MREC=4
7 NREC=4

NHALF=NOP/2
FNOP=FLOAT(NOP)
FZRO=1I/( SINT*FNOP)
PI=3*14159
IOPI=2.*PI
RAD=PI/180.
READ (TUNIT) ((DATA(JI),J=INOP),I=IKREC)

C
C Transform to freeuencv domain and determine maximum Power
C

CALL SPECTRL'



ThAX=-1 .E1O
* IDO 15 J=1#NHALF

IF ( TMAX.GE.TRACE(J)) GO TO 15
TMAX=TRACE( J)
FMAX=SMiATR( J)
tAXJ=J

15 CONTINUE
* TYPE 20rTfiAXyFMAXIiAXJvNHALF

20 FORIIAT ('OtAXPOUER'E15.39' AT' ,F1O.4v' HERT2't
$ /y5Xv'(ESTIMATE'v15v' OF' vI5,')'

C
C Set up range of slowness-theta diagram

25 CONTINUE
DETMAX=-1.
TYPE 30

30 FORMAT ('OENTER THKXNTHMAX')
READ (5t35) THMNqTHMX

* 35 FORMAT (2F10.5)
IF ((THMH .ME. 0.~) DOR. (THt4X .ME. 0.)) GO TO 37
THMN=O.
THMX=3604

37 THMN=THtIN*RAL
THMX=THMX*RAI

P D1TH=( THMX-THiN )/50.
TYPE 40

40 FORMAT (' ENTER SLMIMPSLMAX' )
READ (5935) SLMNiSLMX
IF ((SLMN NME. 0.) .ORs (SLMX NME. 0.)) GO TO 42
SLMN=0.

p SLMX=5.
42 DS=(SLMX-SLtit)/50.

TYPE 44
44 FORMAT (I ENTER EST. M4R' )

READ (593) K
IF (K .EQ. 0) t(=MAX.J

* FREQ=FZRO*FLOAT( K-i )
OtEG=TOPI*FREO

C.. .. too .. too .0 11 0 0 * 1 46# 0 *04 *90 0#9909 *O*#*1# &too of* *~***** ** t #s * of *

C
C 'Calculate spectral matrix
C

0 KM=K-4
KP=K+4
IF (KMLE.0) KM=1
IF (KPGT.NHALF) KP=NHALF
tMIKM+1
KP=KPt-l

* IF (K,LT.Krll) K=Khl
IF (K.GT.KPI) K=KPI
KS=I(P-Kh~i
KSI=KPI-Khl+1
TMAX=0.
DtO 49 I=1vNREC,

* IF (I PEQ* HREC) GO TO 49
DO 48 .=1,NREC

IF (J .EQ* MREC) GO TO 48
DO 45 M=1,KS

KT=KM+ 1-1



SPMR(M )=1'ATA(KTI )*DATA(KT.J )+FXI(KTiI )gFXI(KT,.i)
p SPMI(M)=FXI(KT.I )*tiATA(KTJ)-DATA(K~TlI)*FXI(KTJ)

45 CONTINUE
DO 47 ISIKO=1yHSAO

DO 46 M=2vKS1
SPMR( K) * 5*( SPKR( N)+ 5*( SPMR( l-I )+SPMR( ti+1 )))
SPMI(M)=.5*(SPMIUI)+.5*(SPNIU4-1)+SPMI(M+1)))

9 46 CONTINUE
47 CONTINUE

M=K-KI+2
SPMAR( I.J )=SPMR( N)
SPMAI(I1.4)=SPMI( N)

48 CONTINUE
r TMAX=TMAX+SPMAR(I1,1)

49 CONTrw6E
C
C
C Calculate detector level for each value of slownfess; and theta
C

t 1DO 85 ITH=1950
THETA=THMN+FLOAT( ITH-1 )*DTH
DO 80 ISL=1950

SLOW=SLMN+FLOAT( ISL-1 )*IS
C
C Calculate state vector
C

SVS=SLOWd*SIN( THETA)
SVC=SLOWd*CDS( THETA)
AR( I )=1#
AI( 1 )=O.
DO 50 I=29NREC

P IF (I . EQ. MREC ) GO TO 50
IAU=( X( I )-X( I ) )*SVS+( Y( I )-Y( 1 ))*SVC
AR( I)=COS( OKEG*TAU)
AI( I )=SIN( OKEG*TAU)

50 CONTINUE
AMAC=0.

* ~~~DO 55 I=1.NREC NE)G O5
IF (I *EQME O O5
AMAG--ANAG+AR( I )*2+A1( I)**2

55 CONTINUE
AMAQSOQRT( AhAC)
110 60 I1,NREC

t IF (I *EQ. KREC) GO TO 60
AR( I )=AR( I )/AMAG
AI( I )=A1( I )/AMAG
TEMPR( I )=.
TEMPI( I )=0

60 CONTINUE

C Impress stat vector an spectral matrix
C

IETR( ITH9ISL )=0
DO0 70 I=1.NREC

IF (I *EQ. lIREC) GO TO 70
DtO 65 J=19HREC

IF (J *EQ* MREC) GO TO 65
TEMPR( I )=TEMPR( I )+SP4Ak( I v J )SAR( J )-SPMA( I I4 )*A I J)
TEMPI( I )=TEMPI( I )+SPMARZ( I 9J )$AI( 4 )+SPMAI( I 9-J AAR( J)

65 CONTINUE



70 CONTINUE
DO0 75 J1IPNREC

IF*(J ,E13 MREC) GO TO 75
t'=( TEMPR( J )AR( J)+TEMPI( J)*4I( J ))/TMAX
I1ETR( I TH I SL )=DETR( I THi'I SL )+(IU** IG)

75 CONTINUE
IF (DETR( ITHrISL).,GT.DETMAX) rETKAX=EIETR( ITHpISL)

80 CONTINUE
85 CONTINUE

C - f ol o ~ o t t o f o o o o o o $** t 1# 0 00 9 0 0 0 4 9 * o ~ o t
C
C Slowness6-theta diagrar outr'ut area
C
f 90 CONTINUE

TYPE 9SvDETK'AX
TYPE 96
ACCEPT 35,IIMINI'MAX
IF (IItAX.NE.0.) GO TO 100

95 FORMAT (15X9' ARRAY MAX:'rF7.3t/)
96 FORMAT (' ENTER VMtIkvDftAX' )

IIMAX =DlE TMAX
'M IN=DETMAX* 4707

100 DRANC=DMAX-DftIN
WRITE (7y105) IBI(NRYK
WRITE (7v103) IIMAXIIMIN

103 FORMA7 (' ARRAY MAX: 'rF6.3#' ZERO CON4TOUR AT:' 'PF6.3)
105 FORMAT ('IF-K DETECTION AT I(LOCK',159' FRED ESTIMATE' ,139/)

SLVAN( 1)=99999.99
DO 110 1=115

SLAM( I )=SLMN+FLOAT( 1-1 )*ISZ10.
IF (SLAN(I).ED.0.) GO TO 110

* SLVAN( I )=1000./SLANC I)
110 CONTINUE

WRITE (7v115) (SLVAN(I)9I=195)
115 FORMAT (' 'v5Xv5E10.2v' IlS')

WRITE ( 7,120 ) ( SLAN(I )v1=1 95)
120 FORMAT (5X~s5F10.3)

f WRITE (7,125)
125 FORMAT (' 'tT129'+'YT22w'+'PT329-'+'iT42t'+'vT529'+')

VO 140 I=1v50
THAN=( I-I )*DTH/RAD+fTHMN/RAD
DO 130 J=1Y50

* IF ((ID.LE.0).OR.(ID.CE.10)) 111=0
NUMBS(J4)=It1

130 CONTINUE
WRITE (79135) THANv(kKBS(J)pJ=1v50)4

135 FORMAT (' rF8*2v-* +'v501,'+' )
140 CONTINUE

* WRITE (79125)
WRITE (7y120) (SLAN(I)vI=1v5)
WRITE (7v115) (SLVAN(I)vI=1v5)
GO TO 25

145 CONTINUE
E ND



C***********.:**FK11CT2.VR 4:f 4:&*4' 4.
3 C

C Date of revision: 17-NOV-V.2
C

PROGRAM FKDET2
C
C; PURPOSE
C To Produce a 50 bV 50 slowness-theta data -ssa;ie
C
C USAGE
C RUN FKI'ET
C Input data is read from unit 11 or 12
C The diagram is output to unit 17
C
C INPUT PARAMETERS
C IBKNR - BlocK number of dataset
C NARRAY - Arrav tve (I if n-6; 0 if n-7)
C NREC - Number of records (3 or 4)
C NSMO - Number of smoothin-s
C Ic - Power -factor for detector sharpening
C HOP - Number of data Points (must be a Power of 2)
C MREC - Missing channel (0,Il2,3,4,5,6 or. 7)
C YEAR - A two digit irte~er.
C JULIAN - A three digit integer Julian dav
C DATE - A two digit intezer date of month
C TIME - A four digit integeer
C SERIAL - A four digit integer (5000 .:, SERIAL .. 509)
C IMF MR - A four digit integer
C MONTH - A three letter month abbreviation
C THMIN - Minimum value of theta for diaira.
C THMAX - Maximum value of theta for dias-r-a_
C SLMIN - Minimum value of slowness for diasrani
C SLMAX - Maximum value of slowness for di-rL'a;m
C EST MR - Estimate number of freuuenr, for ailysis
C DMIN - Minimum detector value to be output
C DMAX - Maximum detector value to be ou tf.ut
C
C REMARKS
C Provision is made in this Progran for the futur. .r.ion of
C the n-6 arraw to four channels. When this is donet the X and Y
C coordinates of the new station should be inserted before
C statement 7.
C
C LIBRARIES REQUIREDt
C ANTLIBSY:FORLIB
C
C METHOD
C A beam-steer state detector is aplied to the spectrzl nrtri,,,
C at the specified freouencw. To save memor-v space, the sr'ectral
C matrix is determined at seven frequencies near the s.ecified
C freauency, These are smoothed, then all but the freauencw of
C interest are discarded.

C
COMMON /IIATPAS/ DATA(512,4),FXI(512,4),NOP,MRECtNARAYiIF:E
COMMON /DETEK/ IDETR(50,50),IDIRECINULL
COMtION /SPEC/ SMATR(256),TRACE(256),NRECNHALFNSMOFNOF'
DIMENSION IIET(50),AR(4),AI(4),SPMR(9),SPMI(9)
DIMENSION TEMPR(4),TEMPI(4),X(4),Y(4),SLAN(5),SLVAN(5)
DIMENSION SPMAR(4,4),SPMAI(4,4),NUMBS(50)

3i



EQUIVALENCE (IIET( 1 ),SMATR( 1 )),(AR( 1 )iSMATR(51)
EQUIVALENCE (Al(1),SMATR(55)),(TEMF'R(1 ),ShIF:,(59))
EQUIVALENCE (TEMPI(1),SMATR(63)),(SLAN(I),SiATR,*67))
EQUIVALENCE (SLVAN(1),SMATR(72))
EQUIVALENCE (SPMR(1),SMATR(150)),(SF'Ih( I ),SKATF(i60))
EQUIVALENCE (SPMAR(1,1),SMATR(170)),(SPMAI(I,1),ShiATR(190))

C
C Program initialization area
C

TYPE 1

1 FORMAT ('OEnter IBKNRNARRAYNRECNSMO,IC,NOF" )
ACCEPT 2,IBKNRNARRAY,NRECNSMOsIGNO

2 FORMAT (6110)
IF (NOP .EQ. 0) NOP=512
IF (IG .EO. 0) IG=l
IF (NSMO .EQ. 0) NSMO=3
IF (NREC ,EQ. 0) NREC=4
MREC=O
IF (NREC ,EQ. 4) GO TO 4
TYPE 3

3 FORMAT (' Ente. MISSING channel')
ACCEPT 2vMREC
MREC=MREC+l
IF (NARRAY .EQ. 1) MREC=MREC-4

4 SINT=1.
IF (NARRAYEQ.1) SINT=.2'
X( 1 )=O.
Y( 1 )=0.
IF (NARRAY.EQ.1) GO TO 5
KREC=4
IUNIT=11
X( 2 )=-2.406
Y( 2 )=5.658
X( 3 )=5.459
Y( 3 )=3.099
X(4 )=3.685
Y(4)=-1.057
GO TO 6

5 IUNIT=12
X( 2)=-O.008
Y( 2 )=1 .126
X( 3 )=0. 946
Y(3)=0.579

C The comment flags should be removed from these statements, anc
C the values of the new station location should bL inserted, when

C the small zrraw is expanded to four channels. The value of KREC

C should be changed to 4.
C X(4)=0.

* C Y(4)=0.
KREC=3

C The following statement should be removed when the new station

C is added to the swstem.
MREC=4

6 NREC=4
* NHALF=NOP/2

FNOP=FLOAT( NOP)
FZRO= 1./( SINT*FNOP)
PI=3. 14159
TOPI=2.$PI



RAI=FI/ 180.
PAUSE ' Insert d&t. disK'
READ (IUNIT) ((IIATAEJI),J-INDF'),I=IKFEC)

C

C Set up message header
C

TYPE 7
7 FORMAT ( Enter YEAR JULIANtDATETI ME,SERIAL,INFNR )

ACCEPT 2,JYEARJULIANiMIIATE,MTIMENRSE.:,INFMN
TYPE 8

8 FORMAT (' Enter MONTH')
ACCEPT 9,AMONTH

9 FORMAT (A3)
10 FORMAT ( \J ,/, 'RR RUEI.AL\\_
11 FORMAT ('11E RUHHWED 9314 ' ",/,'ZNF UUUUU',\' ,/,' R' ,13,14,

Z ',A3 13; '\\ ',/t' FM MCMUR'tiO STATION ANTAFR:TICA\\ )
12 FORMAT ('TO GEOPHYSICAL INSTITUTE FAIRE:ANKS AK//TELEX NF',

35414//\\-' ,/, ACCT )-WCA,.-
13 FORMAT ('PT\\_"/I'UNCLAS INFF:ASONICS MR",139'-',4,'\\_U)
14 FORMAT ('PASS TO DR C WILSON\\.' /,"SUt'2: F-K ANALYSIS\\_')

PAUSE ' Insert message disk'

C
C Transform to freouencv domain and deter'iine rr;:inins Power
C

CALL SPECTR
TMAX=-1 .EIO
DO 15 J=INHALF

IF (TMAX.GE.TRACE(J)) GO TO 15
TMAX=TRACE( J)
FMAX=SMATR(,J)
MAXJ=J

15 CONTINUE
TYPE 20,TMAXFMAXsMAXJNHALF

20 FORMAT ('OMAXPOWEF::',E15.3,' AT'FlO.4," HERTZ',
S /5X,'(ESTIMATE',I5,' OF' ,I5, )')

C

C Set up range of slownes.s-theta die rant
C

25 CONTINUE
DETMAX=-1.
TYPE 30

30 FORMAT ('OEnter THMINTHMAX or tZ to exit')
READ (5s35END=150) THMNTHMX

35 FORMAT (2F10.5)
IF ((THMN .NE. 0.) ,OR. (THMX .NE. 0.)) GO TO 37
THMN=O
THMX=360.

37 THMN=THMN*RAD
I NMX= THMX *RAD
DTH'( THMX-THMN )/50,
TYPE 40

40 FORMAT (' Enter SLMINSLMAX' )
READ (5v35) SLMNSLMX
IF ((SLMN MNE. 0) *OR. (SLMX .ME. 0.)) GO TO 42
SLMN=O.
SLMX=5.

42 IIS=( SLMX-SLMN )/50.

. .. ' . .Sn | l .. . -



TYPE 44
p 44 FORMAT 'Enter EST, OR"~

READ (5Y39) K
39 FORMAT( 13)

IF (K *EQ. 0) K=MAX.J
FREO=FZROC*:FLOAT( N-i
OMEG=T OF'I*FREQ

C
C Calculzte -Fectrz~ niatrie-
C

KM=K-4
K P' K +4

t IF (KM.LE.0) Kh~l
IF (KP.CT.NHALF) KF'=NHALF
KMI=KM+1
KPI=KF-l
IF (K.LT.KM1) K=tM1l
IF (t(.GT,NF'1) K=KP1
K S=KPF-KM+ 1
KS1=KPI-K'Ili
TM'AX=O.
110 49 I=1,NF'EC

IF (I .EQ. MF:EC) GO TO 49
DO 48 J=ItNREC

IF (J ,EQ. NREC) GO TO 48
DO 45 M=10KS

SPMI( '(M)=IIT .T1 ):1AT~( T, .1)-FATA( TtlI)):FXI( NT ,J)

45 CONTINUE
* DO 47 ISMO=1wNSKQ

DO0 46 M=2'NIS1

46 CONTINUE
47 CONTINUE

* M=K-KMI+2
SPMAR( ItJ)=SPMR( N)
SPMAI( I vJ )=SP'MI(M)

48 CONTINUE
TMAX=TMAX+SPMAR(IrI)

49 CONTINUEC
C
C Calculate detector level fo~r each value of" slown~ess zrc the'ta
C

DO 85 ITH=li50
THETA=THMt4+FLOAT( ITH-1 )*1iTH
DO 80 ISL=1r50

SLOW=SLMN+FLOAT( ISL-1 )#:IS
C
G Calcu1le state v.ect~or
C

SVJS=SLOW*SIW(THETA)
SVJC=SLOW*COS( THE.TA)
AP( 1 )=1.
AI( I )=O.
110 50 I=2vNREC

IF (I *EQ. MREC) GO TO 50



TAU=( V( I )-X( 1 ) )*SVS+( Y( I )-Y( 1) )*.SVC
AR( I )=COS( WtEG*:TAU )
AI( I )=SIN( OMEG*TAU )

50 CONTINUE
AMAG=0.
DtO 55 I=19NREC

IF (I .EQ. MREC) GO TO 55
ANAC=AMAG+AR( I )%Wl2+AI( 1 )34:

55 CONTINUE
AIIAG=SQRT( AMAC)
1DO 60 I=IPNREC

IF (I .EQ. MREC) CO TO 60
AR:( I )=AR( I )/AMAG
AI( I)=A1( I)/AMAG
TEMPR( I )=.
TEMPI( I )0.

60 CONTINUE
C
C Impress state vector orn spectral natrix
C

IIETR( ITH, ISL )=0.
110 70 I=1tNREC

IF (I EQ. MREC) GO TO 70
DtO 65 J=IrNREC

IF (3 .EQ. MREC) CO TO 65
* TEMPR( I )=TEMF'R.( I )+SF'MAR( I sJ )*A4R( J )-SF'MiAI( I 9J )*;AI(.3J

TEMPI( I )=TEMF'I( I )+SF'MAF:( I 9*J )*AI( .J )+SFMAI( 1 9. )*AR( .3
65 CONTINUE
70 CONTINUE

1t0 75 J1.PNREC
IF (J3 EQ. MREC) CO TO 75

* Itll( TEMPR( J )*Atk( J )+TEMP'I( J3 )*AI( J ) /TtIAX
I'ETR( ITHv ISL )=EtETR( ITHi lSL )+( fI**IC

75 CONTINUE
IF ( DETR( ITHw ISL ).GT.IIETMAX) IETMAX=IlETR( ITHY I&L)

80 CONTINUE
85 CONTINUE

* C....,..,.,,..,.,.......,,,..,, ......

C
C Slourness-thteta di~grau output area
C

90 CONTINUE
TYPE 95rEIETMAX

* TYPE ?6
ACCEPT 35, ['MI Nr IMAX
IF (IMAX.,NE*.0.) GO TO 100

95 FORMAT (15Xt' AR'RAY MAX:',F7.3#/)
976 FORMAT (I Enter DMtINY1IMAX' )

DMtAX =DlETM AX
* IMIN=IIETMAX*.707

100 IRANG=IIMAX-IIMIN
WRITE (17910)
WRITE (17911) NRSER,.JULIANMTIMEMI'ATEMTIMEAMONTHJYEAR
WRITE (17912)
WRITE (17w13) JYEAR9INFNR

*WRITE (17f14)
WRITE ( 17,105) Il~(NRyK
WRITE (17w103) IMAXvIlMIN

103 FORMAT ('ARRAY MAX'6,F7.3o' ZERO CONTOUR AT*'wF7.39'\\- )
105 FORMAT ('F-K DETECTION AT IBLOCN'9I5t' FREG ESTIMATE'9I3w'\V\i )



SLVAN( 1 )99999.99
DO110 1=195

SLAN( I )=SLMN+FLOAT( I-I )*iVS*10,
IF ( SLAN I ).EQ.0. ) GO TO 110
SLVA4( I )=1000./SLAN( I)

110 CONTINUE
WRITE ( 179115) (SLVAN(I )91-15)

* 115 FORMAT (3Xv5Fl0.2v' M/S\\U.1
WRITE ( 179120) (SLAN(I)q1Il15)

120 FORMAT (2Xp5F10.3y'\\-./
WRITE (1l7v125)

125 FORMAT (9''T~',2,VT~''T9'\'
PO 140 1150

p THAN=( I-i)*IlTH/RAI+THMN/R<Al'
DO 130 .3=1950

II=IFIX.(9.9*( EIETR( I'J )-ItiMIN )/IRANG)
IF (( ID.LE.0 ).OR.( II.GE.10)) 111=0
NUMBS( J )=III

130 CONTINUE
*WRITE ( 17,9135 ) THANY( NUMES( J)YJ=l 50)

135 FORMAT (F6.2t' -, y50Ily'-V\..7)
140 CONTINUE

WRITE (17,125)
WRITE ( 179,120 ) ( SLAN( I )IlY5)
WRITE (17v115) (SLVAt(IhYI=195)

* WRITE (17w145)
145 FORhAT REGARDSt KAY\\-' v /I' 1,T\\ -------- NNNN'

MTItiE=MTIKE+10
MRSER=NRSER+ 1
IRFNR=INFNR+l

9G TO1025
150 CALL EXIT

END[



.TITLE MODEM CONTROL

A rltine to move E ihloc.K of ASCII characters flco, m adisK iile,
convert then, to 5-level r'adiotelet-pe code, and Punch thi, orltc.

; telet~jFe taF-e-

Several ASCII characters hve been assirned to 5-1evel crir.).-(-
control character codes. These aret

@ Nu I I
E Srace
; Letter's
I Figures
\ Carriage Return
; Line Feed

The program deletes all ASCII control characters a rd lower L.Z.s

characters.

.MCALL .CSIGEN9.READWf.EXIT,.PRINT

.MCALL .WRITW,.CLOSEP.SRESET

MOIEM: .CSIGEN 4DSPACE,4t'EXT ;GET STRING FROM TT:
CLR FLAG ;INIT CHARACTER MODE
CLR BLKCNT ;INIT INPUT BLOCK COUN1
CLR OUTCNT ;INIT OUI'UT BLOCK CUUNT

0"$: .READW tDBLKt3,*BUFF, 256. ,BLKCN1
BCC 11$ ;BRANCH IF NO ERROR

DETERMINE ERROR

TSTB @#52 ;EOF?
BEGl 80$ ;YES - BRANCH
.PRINT *INERR iINPUT ERROR MESSAGE
.EXIT

CONVERT ASCII TO 5-LEVEL

11$: MOV FLAGR3 ;GET CHARACTER MODE
MOV *BUFFR4 ;GET ADD11RESS OF INFUT BUFFER
MOV SOUTBUF ,R5 ;GET ADDRESS OF OUTPUT BUFFER

15$: CLR (R5)+ ;CLEAR OUTPUT BUFFER
CMP R5,TABLE ;DONE?
BMI 15$ ;NOY CONTINUE
MOV 4OUTBUFR5 ;GET ADDRESS OF OUTPUT BUFFER

12$: MOV $CHART,R1 ;GET ADDRESS OF ASCII TABLE
DEC RI ;INITIALIZE ASCII TABLE COUNTER
MOV 4TABLER2 ;GET ADDRESS OF 5-LEVEL TABLE
DEC R2 ;INITIALIZE 5-LEVEL TABLE COUNTER
MOVB @R4,RO ;GET CHARACTER
CMPB RO,40 ;CHECK IF SPACE
BNE 13$ ;BRANCH IF NO
MOVB 4133,RO ;REPLACE WITH LEFT BRAC:KET

* 13$: CMPB 4137,RO ;CHECK IF LOWER CASE
BMI 19$ ;BRANCH IF YES
CMPB RO440 ;CHECK IF CONTROL CHARACTER
BMI 19$ ;BRANCH IF YES
CMPB $132,RO ;CHECK IF CARRIAGE CONTROL CHARACIEI:
BMI 16S ;BRANCH IF YES

* TSTB R3 ;CHECK IF IN LETTERS MODE



BEQ 14$ ;BRANCH IF YES
CMPB R0,101 ;CHECK IF CHARACTER IS A LEITER
BlI 18$ ;BRANCH IF NO
MOVB 437,R5 ;MOVE LETTERS TO OUTPUT BUFFER
INC R5 ;INCREMENI OUTPUT BUFFEF
CLR R3 ;SET LETTERS MODE
BR 18$ ;GO TO LOOIK;UP TABLE

14$ CMPB 477,RO ;CHECK IF CHARACTER IS A FIGURE
BMI 18$ ;BRANCH IF NO
MOVB 433R@R5 ;MOVE FIGURES TO OUTPUT BUFFER
INC R5 ;INCREMENT OUTPUT BUFFER
MOV 411,R3 ;SET FIGURES MODE
BR 18$ ;GO TO LOOKUP TABLE

16$: CMPB 4136,RO ;CHECK IF CHARACTER IS A FIGURES SYI'O'
BNE 17$ ;BRANCH IF NO
MOV 41,R3 ;SET FIGURES MODE
BR 18$ ;GO TO LOOKUP TABLE

17$: CMPB 4135.RO ;CHECK IF CHARACTER IS A LETTERS SYM1IO'.
BNE 18$ ;BRANCH IF NO
CLR R3 ;SET LETTERS MODE

18$: INC Ri ;INCREMENT ASCII TABLE POINTER
INC R2 ;INCREMENT 5-LEVEL TABLE POINTER
CMPB RO,@R1 ;CHECK FOR MATCH
BNE 18$ ;NOY TRY AGAIN
MOVE @R2Y@R5 ;YES, MOVE 5-LEVEL VALUE TO OUTPU'T BLIFFER
INC R5 ;INCREMENT OUTPUT BUFFER

19$: INC R4 ;INCREMENT INPUT BUFFER
CMP R4,*OUTBUF ;CHECK IF LAST CHARACTER
BMI 12$ ;NOY GET ANOTHER CHARACTER
MOV R3vFLAG ;SAVE CHARACTER MODE
SUB *OUTBUF,R5 ;GET OUTPUT CHARACTER COUNTER
BR 20$ ;DONE

OUTPUT BLOCK

20$4 MOV $OUTBUFR2
CLR Ri

305*, .WRITW #IlBLK,*0,R2,tIOUTCNT
BCC 40$
PRINT tOUTERR
.EXIT

0 40$ INC OUTCNT ;POINT TO NEXT OUTPUT BLOCK
ADD 4 2,R2 ;INCREMENT OUTPUT BUFFER ADDRESS
ADID $2 , RI ;INCREMENT OUTPUT CHARACTER COUN TER
CMP R1,R5 ;CHECK FOR LAST OUTPUT CHARACTER
BM 30$ ;NOT DONE, GET MORE
INC BLKCNT ;POINT TO NEXT INPUT BLOCK
JMP 10$ ;DO NEXT INPUT BLOCK

80$: .WRITW *bBLK,$0, CTL7, 10,40
.CLOSE $0
.CLOSE $3
.SRESET
JMP MODEM

FLAG: .WORD 0
CTLZ: BYTE O.,OvOtOOOOOOOtOOvOsOvO
DEXT: .WORII 0,0,0,0
* BLK: .BLKW 5



IILKCN1': . WORDi 0
OUTCMI: " WORD 0
BUFF:* BLKW 2%6.
GUIBIJF: .BLKW 500.

TAB3LE'S ASCII /'MOTIEKOR@LC\VWSAJiPUGFXNt@c@Y/
.ASCII /@CYNIAMZTFt(0R,LXVW.JEF'G tS JUQtIIH-E /

CHART: .ASCII !h$%; )*+Y-./;/012345789:;:-=>"?/
.ASCII /c@ABCIEFCHIJtLMNOPRSTUVWX2\)-/

It4ERR: .ASCIZ /INPUT REAll FAILEL.!
OUTERR: .ASC12 /OUTPUT REAL, FAILED./

SEVEN
t'SPACE=.

EN OE



C*****Z******:** POLFIL .FOR ********** ** ** ***** Z*****
C
C Date of revision: 19-Jul-82
C

PROGRAM FOLFIL
C
C PURPOSE
C To filter a 3 or 4 channel time series through the application
C of the freauencv dependent degree of Polarization to the
C transform of the time series,
C
C USAGE
C RUN POLFIL
C The dataset must be stored in FTN11.DAT
C The filtered dataset is returned to FTN21.DAT
C

CI NPUT F'ARAMETERS
C NREC - Number of dimensions
C NSMO - Number of smoothings
C IG - Power factor for filter sharpening
C NOP - Data Points in window (must be a eoer of 2)
C NTOT - Total number of data Points
C OLAP - Overlap of window segments (O.<OLAP<I.)
C
C REMARKS
C None
C
C LIBRARIES REQUIRED
C ANTLIBSY:FORLIP
C
C METHOD
C The degree of Polarization, F, is derived from the spectral
C matrix, Sy for each freeuencw according to the formula .-iven
C b Samson: P = (N(TR(S**2))-(TR(S)**2) / ((N-1)*(TR(S))**2).
C In applications where events occur simultaneouslw on all of
C the dimensions, a long time series can be filtered bu using a
C sliding window method. In applications where the time dela.

* C between the dimensions is of significance, the sliding window
C introduces Phase distortion.
C

COMMON /DATPAS/ DATA(512,4),FXI(512,4),NOPIGN4ARRAYIREC
COMMON /DETEK/ IUMMY(25694)
COMMON /SPEC/ POL(256),TRACE( 256 ),NRECNHALF,NSMOFNOP
111MENSION ALLDAT(1000,4)

C
C Program initialization area
C

TYPE 5
5 FORMAT (' ENTER NRECNSMOIGNOPNTOTOLAP' )

ACCEPT 10,NRECNSMO,ICNOPNTOT
* 10 FORMAT (5110)

IF (NREC .EQ. 0) NREC=4
IF (NSMO .EQ. 0) NSMO=3
IF (IG *EQ. 0) IG=1
IF (HOP .EQ. 0) NOP=512
IF (NTOT .EQ. 0) NTOT=512
OLAP=0.8
NHALF=NOP/2
NHALF I=NHALF+I



FNOP=FLOAT( NOP)
g FNOPSQ=FNOP**2

NREC1=NREC-1
FR.EC=FLOAT( WREC)
FREC1=FLOAT( NREC1)
IUNIT=11

C
C Read inrput data; and set up sliding window
C

READ (IUNIT) ((ALLEAT(JIREC)J=NTOT)PIREC=1,NREC)
NSTART=O

ill CONTINUE
DO 14 IREC=liHREC

DO 12 .31,NOP
.33 .3+NST ART
IF (43 .GT. NTOT) GO TO 11
DATA(JvIREC )=ALLDAT( JJP1REC)
GO TO 12

11 DATA(JPIREC >=0.
12 CONTINUE

IF (HSTART .EQ* 0) GO TO 14
DO 13 .31,NHALF

JJJ .3+ NHAL F +NST ART
IF (.JJ GCT. NTOT) GO TO 13

* ~ALLD1AT( .3, IREC )=DUKY( .3,IREC)
13 CONTINUE
14 CONTINUE

C * .. * * 4 4 44 4 44 444 4 4 44 44 4 4 4 44 4 4 4 4 4 44 9 4 4 9

C
C Transformi t~o fre~uenew ftmain,

* C
DO 20PIREC=19NREC

DO 15?I=1,NOP
FXI( IIREC)=0.

15 CONTINUE
CALL DC

* CALL FFT(1)
20 CONTINUE

C

C Form Trace terms in Polarization
C

DO0 25FI=1,NHALF
BUMMY( I#3)=0.
DUMY(Iv4)=0.
TRACE( I )0.

25 CONTINUE
DO 45 IREC=19NREC

0 11O 30 I=1vNHALF
DUMMY( I, 1 )=DATA( 19 I.EC, )**2+FXI( I v IREC )t*2

30 CONTINUE
DO 35 1=190KSO

CALL SftOOTH( NHALF% 1)
35 CONTINUE

* DO 40 I~lvXHALF
DUMMY 1,3 )=IUMMY( V3 )+DIUMMY( It1)
DUMIIYC 94 )1tU1'UY( ,4 )+DUMMY(I1,1)$*2

40 CONTINUE
45 CONTINUE



C *** .. ******* ***** ** 9*** 9**** * e* 9@,

C
C Form cross terms of spectral matrix
C

I'D 70 J=19NRECI
JK=J+1
DtO 65 K=JKYNREC

p 1DO 50 I1,NHALF

IIUMIIY( g2 )=FXI( IJ)*IIATA( IiK)-IIATA( I'J)*FXI( IK)
50 CONTINUE

Do0 55 IM1tNSIMO
CALL SMOOTH( NNALF9~2)

55 CONTINUE

TRACE( I )TRACE( I)+2.**( 1UMfIY( I, I)t2+DUMMY( I ,2 )**2)
60 CONTINUE
6>5 CONTINUE
70 CONTINUE

C
G Consp-ute degree of Polarization
C

DtO 75 I=1,NHALF
PNUM=FREC*(DIUMMtY(1I 4 )+TRACE( I) )-IUMMY( 3 )**2

P P1IEN=FRECl*tUM.KY( Iv3)**2
POL( I )=( PNUM/FD1EN )**G

75 CON4TINUE
C .... ,.. * ** 0 60o** 9 0490 * 9 9 6 9**9* 09** 0601,009**949

C
C Impress degree of Polarization on transforms

* C
POL( 1 )0.
1D0 85 IREC=19NREC

DO0 80 I=ItNHALF
IIATA( I#IREC)=IIATA(1I,IREC):FOL( I)
FXI( I9IREC )=FXI( IyIREC )*POL( I)

* IF (I .EQ. 1) GO T0 80
.JNOP-I+2
DIATA( J9 IREC )=IIATA( Jv IREC )*POL( I)
FXI( JvIREC)=FXI(JrIkEC )*POL( I)

80 CONTINUE
1'ATA(NHALFlIREC)=1'ATA(NHALFoIREC)

* FXI(NHALFPIREC)0.
85 CONTINUE

C
C
C Return to time domain and set up' for next w.indow or end
C

* 110 90 IREC=INREC
DtO 87 J1lvNOP

IIATA( J'IREC WIIATA( JI REC )/FNOP
FXI( JrIREC )=FXI( .JPIREC )/FNOP

87 CONTINUE
CALL FFT(-1)

* 90 CONTINUE
NZRO=IFIX( FNOP$( 1.-OLAP')/2. )+1
NST R = NSTART
NSTART=NSTART+IFIX( FNOP*OLAP)
NE N tINS TART +NOP



NC OK= NHAL F
* IF (NENu1 GT. RIOT) NCOM=NOP

tDO 9 5 IREC=19NREC
DO0 91 J=lYNZRO

.JJ=NOP-J+1
D'ATA( JJ f I REC )=0.
IF (NSTRT .LT. NOP) GO TO 91

* I'ATA( J 9 IREC )=O.
911 CONTINUE

1D0 92 .31,qNCOK
.J 1+ NST RI

IF (JJ GCT. NTOT) GO TO 92
ALLlIAT(J.33,IREC )=IIATA( JiIREC)

9 IF (NCOM .EQ. NOP) GO TO 92
*JJ3= .3 +NHAL F
IJUMMY( J r IREC )=DIATA( JJJ r IREC)

92 CONTINUE
95 CONTINUE

IF (NEN, .LT. NTOT) GO TO III
* IUNIT=IW{IT+10

WRITE(IUNIT) ((ALL1IAT(JYIREC),J=1,NTOT),IREC=1,NREC)
CALL EXIT
E ND

C

C

SUBROUTINE SMOOTH( NOP.I4REC)
C
C PURPOSE
C To Perform a three-F'oint smoothing
C

f C USAGE
C CALL StOOTH(NOPvNREC)
C
C INPUT PARAMETERS
C NOR - Number of Points in. data string to be~ smoothed
C NREC - Number of data strings to be smoothed

9 C
COMM-ON /IIETEK/ t1UKMY(2569,4)
NI=NOP-I
DtO 20 K=IPNREC

DO 10 I=2vNMl
IIUMMY(IK)(tUMMtY( IK)+(1'UKNY( I-lvtO+IIUMMY( I+1,K))/2. )/2.

* 10 CONTINUE
DlUMMY( I.K )=( DUMMY( 1PK )+IeUMMY( 2pK ))/2.
IUMMY( NOR, K )( IUMtY( NOPR, t)+IUMMY( Nh1 tK ))/2,

20 CONTINUE
RETURN
E NI



C*****Z********* PUREFL .FOR * *ZKZ***************Z****.**
C
C Date of revision" 18-Jul-82
C

PROGRAM PUREFL
C
C PURPOSE
C To filter a 3 or 4 channel time series through the a plic.tion
C of the freouencw dependent degree of Polarization to the
C transform of the time series.
C
C USAGE
C RUN PUREFL
C The dataset must be stored in FTN11.IAT or FTNI2.DAT
C The filtered dataset is returned to FTN2I.1'AT or FTN22.IIAT
C
C INPUT PARAMETERS
C IBKNR - BlocK number of dataset
C NARRAY - Arrav tipe (1 if n-6; 0 if n-7)
C NREC - Number of records (3 or 4)
C NSMO - Number of smoothings
C IG - Power factor for filter sharpening
C 4OP - Number of data Points (must be a Power of 2)
C MREC - Missing channel (0,1,2,3,4,5,6 or 7)
C
C REMARKS
C Provision is made in this Program for the future expansion of
C the n-6 array to four channels. When this is done% the two
C statements indicated below should be removed.
C
C LIBRARIES REQUIRED
C ANTLIBSY:FORLIB
C
C METHOD
C The degree of Polari2ation, P, is derived from the spectral
C matrix, S, for each freouency according to the formula g iven
C by Samson: P= (N(TR(S'*2))-(TR(S)**2) / ((N-1 )*(TR(S)) *2).
C In applications where events occur simultaneouslw on all of
C the dimensionst a long time series can be filtered bu using a
C sliding window method. In applications where the time delay
C between the dimensions is of significance, the sliding window
C introduces Phase distortion.
C

COMMON /IDATPAS/ PATA(512,4),FXI(512,4),NOP,IGNARRAYIREC
COMMON /IIETEK/ DETR(50,50),1DIRECINULL

COMMON /SPEC/ POL(256),YTRACE(256),NRECNHALF,NSMOFNOP
DIMENSION TUMMY(30094)
EQUIVALENCE (DETR(1,1),IIUMMY(1,1))

C

C Program initialization area
C

TYPE 5
5 FORMAT (I ENTER IBtKNRNARRAYNRECNSMQIC,NOP')

ACCEPT 0,IB(KNRNARRAYNRECNSMO,IGNOP
10 FORMAT (6110)

IF (NOP .EQ. 0) NOP=512
IF (NSMO .ED. 0) NSMO=3
IF (IG .EQ. 0) 1G=1

$



IF (NREC .EO. 0) NREC=4
* MREC=O

IF (NREC .EQ. 4) GO TO 13
TYPE 12

12 FORMAT (' ENTER MISSING CHANNEL' )
ACCEPT 10#MREC
TYPE 959IBKNRtICPtiREC
MREC=MREC+1
IF (NARRAY E.E 1) MREC=MREC-4
NREC=4
GO TO 14

13 TYPE 96YIBKNRPIG
14 KREC=4

* C The followaing two stateaents should be re..oveci when the n-6
C arraw is ex~panded t~o four chann~els

IF (NARRAY *EQ. 1) t(REC=3
IF (NARRAY *EQ. 1) MREC=4
NHAL F=NOP /2
NHALF 1=NHALF+l
FNOP=FLOAT(ROP)
F NOPSQ= FNOP**2
NREC 1=NREC- 1
FREC=FLOAT( NREC)
FREC1=FLOAT( NRECI)
IUNIT=il

* IF (NARRAY *EQ. 1) IUNIT=12
READI (IUNIT) ((DATA(JPIREC)J=1oNP)PIREC=IPKREC)

C
C
C Transforme to freauencw domsain
C

t IIIREC=1
DO 20PlREC=19NREC

IF ( IREC *EQ. MREC) GO TO 20

FXI( IPIREC)=0,
15 CONTINUE

t CALL DC
CALL FF1

20 CONTINUE

C
C Form Trace terms in Polarization

* C
IDIREC=NHALF
INULL=1
DtO 259I=19NHALF

IlUMMY( 1,4 )0.
* TRACE( I )=0

25 CONTINUE
D~O 45 IREC=19HREC

IF (IREC *EQ* MREC) GO TO 45
DO 30 I=1vNHALF

DUMMY( Ip1)=DATA( IPIREC )**2+FXI( IvIREC )**2
* 30 CONTINUE

DO 35 I=1,NSiO
CALL SNiOOT

35 CONTINUE
DO 40 I=1vNHALF



DUMM1Y(IP3Y-=DUtMMY(It3)+1U MY(1,1) ...- I

p tI~~DUMY( 1,4 )IUMMY(1,4 )+IIUMMi'( 1t)**2
40 CONTINUE
45 CONTINUE

C .. . *....9 * * * 9 * * * * * * *9 * * * * * * *9 ** *

C
C Form cross teorms of sp'ectral matrix

p C
INULL=2
DO0 70 .3=1.NRECI

IF (J ,EQ. IREC) GO TO 70

DO0 65 K=JKP(NREC
t I F (K .EQ. tREC) GO TO 65

DO0 50 I=1vNHALF
D'UMMiY( 191 )=DiATA( I.J )*t'ATA( I .t()+FXI( I .J )*FXI( I.K)
DUMMY( It'd' )=FXI( ItJ )S1tATA( Ivt )-DIATA( IPJ )*FXI( I ,t(

50 CONTINUE
DO 55 I=1.NSMO

t CALL SMOOT
55 CONTINUE

DO0 60 I=19NHALF
TRACE( I)=TRACE( I)+2.*( IUMMYC I 1)**.2+DUM~MY( 1.2 )*:*2

60 CONTINUE
65 CONTINUE

t 70 CONTINUE
C. * ** *0**~ 999999999999994 0 0 99999 *99 , 9 99 9 .,,. 999#9 9...

C
C Cohmput~e degree of polarization
C

110 75 I=19NHALF
P ~~PNUM=FREC*( EUMMY 194 )+TRACE(lI) )-IIUMMY( 1 3 )**2

F VEN=FREC1*DUM11Y(1v3 )**2
POL( I)=( PNUM1lPIIEN )**IC

75 CONTINUE
C
C

* C Impress degree of Polarization on trans~forms6
C

F'OL( 1 )=0.
DO0 85 IREC=1vNREC

IF ( IREC .EQ. MREC ) GO TO 85
DO 80 I=IPNHALF

DIATA( 1I.,IREC )=IIATA( 19IREC )*POL( I)
FXI( IIREC ) rXI( IIREC )*POL( I)
IF (I .EQ. i) GO TO 80
J=NOP-142
IIATA(J.IREC)=IIATA(J.IREC )*POL( I)
FXI( .J.9IREC )=FXI( J 9IREC )*POL( I

* 80 CONTINUE
PATA( NHALF1 9 IREC )PATA( NHALF * REC)
FXI(NHALF1.Ir<EC )=0.

85 CONTINUE
C 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9

C
* C Return to time domain

DtO 90 IREC=19MREC
S IF (IREC .EQ* fREC) GO TO 90



CALL FFT
9 90 CONTINUE

IUNIT=IUNIT+1O

95 FORMAT (' PUREFILTER BLOCK 4'915t' IG='f12v' CHANNEL'i
& 129" MISSING' )

96 FORMAT (' PUREFILTER BLOCK *'t]5p' I.=',12)
p CALL EXIT

ENDI



C*:* **** * ** M.: : RECCET . FOR . . .:.
C
" Date of revision* 12-Mav-82

C
PROGRAM RECGET

C
C PURPOSE
C To extract a recordfile from a dataset
C
C USAGE
C RUN RECCET
C
I INPUT PARAMETERS
C IREC - Record to be extracted (192v3 or 4)
C INFILE - Lozical unit of dataset
C OUTFIL - Loqical unit of recordfile
C
C REMAF,'S
C None
C

C LIRARIES REQUIRED
C SY :FORLIB
C
U" METHOD
C The datsset is read, and the record is extracted and written
C

IIIMENSION TIATA(512,4)
INTECER*2 OUTFIL
TYPE 10

10 FORMAT(' ENTER IRECINFILEfOUTFIL' )
ACCEPT 20,1RECINFILEtOUTFIL

20 FORMAT(315)
READ (INFILE) ((VATA(JI),J=1,512),I=1,IREC)
WRITE (OUTFIL) (DATA(JIREC),J=I,512)
CALL EXIT
END



C***W***************** SPCTRM • FOR ***. *** ***t*** {****
C
C Date of revision: 20-Aug-82
C

PROGRAM. SPEKT4
C
C PURPOSE
C To Perform spectral analwsis of a dataset
C
C USAGE
C RUN SPCTRM
C Input data is read from unit 11 or 12
C Output is to unit 7 (default TT:)
C
C INPUT PARAMETERS
C IBKNR - Flock number of dataset
C NARRAY - Array tvPe (1 if n-6; 0 if n-7)
C NREC - Number of records (3 or 4)
C NSMO - Number of smoothings
C NBELL - A switch (0 if no) to shape data with cosine bell
C NOP - Number of data points (must be a Power of 2)
C NPRINT - Number of freauencw estimates to be output
C MREC - Missing channel (0,1,2,3,4,5,6 or 7)
C
C REMARKS
C Provision is made in this Program for the future expansion of
C the n-6 arrav to four channels. When this is done' the two
C statements indicated below should be removed.
C
C LIBRARIES REQUIRED
C ANTLIBSY:FORLIB

t C
C METHOI
C The data is transformed. The Power spectrum for each
C channel, and the trace spectrum are calculated. These are
C each output, along with the corresponding values of
C freauency, NEST (as used in the offline analwsis Programs),
C and SE (as used in the RTCAIW program).
C

COMMON /IDATPAS/ IATA(512,4), FXI(512,4),NOF',NSTRTNARRAY,IREC
COMMON /1'ETEK/ IETR(50,50),IDIRECINULL
COMMON /SPEC/ SMATR( 256),SE(256),NRECNHALFNSMOFNOP
DIMENSION S(300,4),ISE(256),FREQ( 256),TRACE(256)
EQUIVALENCE (ISE(1),SMATR(1)),(S(1,1),DETR(I,1))

C Program initialization area
C

TYPE 5
5 FORMAT (' ENTER IEKNRtNARRAYNRECNSMONBELLNOP,NPRINT')

ACCEPT 10,IBKNRNARRAYNRECNSMODNBELLNOPNPRINT
10 FORMAT (7110)

IF (NPRINT .ED. 0) NPRINT=45
IF (NOF .EQ. 0) NOP=512
IF (NSMO .EQ. 0) NSMO=3
IF (NREC *EQ. 0) NREC=4
MREC=O
IF (NREC .EQ. 4) GO TO 20
TYPE 15

15 FORMAT (' ENTER MISSING CHANNEL')
ACCEPT 10,MREC

i I| i9



MREC=MPEC+ 1
* IF (NARR&AY EQ.* 1) MREC=MREC-4

K E C= 4
20 KREC=4

C The folloaing t~wo statements should be removed when the n-6
C arraw is expande~d to four channels

IF (NARRAY .EQ. I1) KREC=3
* IF (NARRAY *EQ. 1) MREC=4

NHA L F=N 0/2
SIN1=1.
IF (NARRAY *EQ. 1) SINT=.25
IUNIT=1 1+NARRAY
RAD=180./3. 141592
FNOP=FLOAT( HOP)
TOTIME=SINTZFNOP
FZROD1 ./TOTIKE
READ' (IUNIT) ((lATA(JIREC)J=1*NOP),IREC=IKREC)

C

g C Transform to freauencw domain
C

IIIIREC=1
DO0 30 IREC=lFNREC

IF ( IREC *EQ. 14REC) GO TO 30
DtO 25 1=1,512

25 CONTINUE
CALL PIC
CALL RAMP
IF (NBELL.NE.O) CALL H4NWI
CALL FFT

P 30 CONTINUE

C

C Calculate fre~.uencw and si-ectral estimate
C

DO 35 I=2wNIIALF
i FEST=FLOAT( 1-1)

SE( I )TOTIriE/FEST
ISE( I )=IFIX( SE( I ) )
FREW( I )=F7RO*FEST
S( IdIREC )=0,
TRACE( I )0.

t 35 CONTINUE
ISE( 1)=0
FREQ( 1)0O.
S( 19MREC)0O.
TRACE( 1)=0.

Coo ol lo o $ * # * 6 0 0 9 0 0 0 0 0 0 ol o f o o t o o f o o f o f
* C
C Calculate Power sp'etrum for each chan~nel
C

PMAX=-1 E+10
PMIN=+1 .E+10
DO 45 IREC=1,NREC

IF ( IREC *EQ. - REC) GO TO 45
DO0 40 I=1YNHALF

SC I 'IREC )=( DATAC I IREC )**2+FXI(1I, REC )*2 )*FZROI
40 CONTINUE
45 CONTINUE



IDIREC=N4HALF

t IMULL=NREC

CALL SMOOT
50 CONTINUE

C
C

r C Calculate trace spectrum.
C

DtO 60 IREC=1YRREC
IF ( IREC .EQ, NREC) GO TO 60
DO 55 I=1,NHALF

TRACE( I )=TRACE( I )+S( I Y IREC)
* 55 CONTINUE

60 CONTINUE
DtO 65 I1,NH.ALF

IF (PMAXLT,TRACE( I)) PKAX=TRACE( I)
IF (PMAX.EQ.TRACE(I)) MAX=I
IF (PMIN.GT.TRACE( I1) PMIN=TRACE( 1)
IF (PMIN.EQ.TRACE(I)) tiIN=I

65 CONTINUE

C

C Output results
C

WRITE (7Y70) IRKNR
70 FORMAT('OSPECTRAL CALCULATIONS FOR BLOCK '914)

WRITE (7075) NSMOYNBELL
75 FORMAT(5XP'SPECTRUM SMOOTHE'0 ,2t' TIMES;' WINIIOW:' 12)

WRITE (7Y80) PtAXqFRE(KAX)oPMINvFREO(MIN)
80 FORMAT(5Xw'tIAXIMUM POUER:o'vIPEIO.2v, AT 'tOPF6.4v'HZ'9v/v

& 5Xv'riINIMUM POUER*',1PE1O,2,' AT '90PF6*4v'H7')
IF (NARRAY 4EQ. 0) WRITE (7v85)

85 FORMAT (' NEST',TlO,'FREQ',T18,'SE',T25,'*RTG',135,
& 'ERE' vT4Sv'TER' vTSS,'ROS vT63v'TRACE' )

IF (NARRAY .EQ. 1) WRITE (7990)
90 FORMAT (' NEST'wTlOv'FREQ',Tl~v'SE'vT2S,'RTG',T35,p
& 'AUR' vT459'VEE' ,'T55''!T?''vT63#'TRACE')

WRITE (7,95) (XvFREQ( I )ISE( I )S( 1,1)vS( I#2),S( 13),
a S(Iv4)YTRACE(I)PI=1PN'RINT)

95 FORMAT( I4vOPF1O.5vIS,1PEIO.2,iPE10.2,1PEIO.2,1PEIO.2,EIO.2)
CALL EXIT
E NI



C***** ********,**.** SPEKT2, FOR ***** * **Z ********
C
C Date of revision 6-NOV-82
C

F'ROGRAM SPEKT2
C
C PURPOSE

C To Ferform spectr;l anl. sis between two channels
C
C USAGE
C RUN SPEKT2
C Input data is read from unit. 11 or 12
C Output is to unit 7 (default TT: )
C
C INPUT FARA METERS
C IPKNR - Block number of dataset
C IXCH - First inp-ut channel (0,1i2,3,4,5,6 or 7)
C IYCH - Second input channel (0,I,2,3,4,5,6 or 7)
C NARRAY - Arav ty-'e (1 if n-6; 0 if n-7)
C NSMO - Number of smoothinsis
C NBELL - A switch (0 if no) to shape data with cosine bell
C NOr, - Number of data points (must be a power of 2)
C NPRINT - Number of frecuencv estimates to be output
C
C REMARKS
C Provision is made in this 'rogr.am for the future ex'Pansion of
C the n'-6 arrav to four charinels. Whe; this is done, the
C indicated statement should be removed
C
C LIBRARIES REOUIRED
C ANTLIB,SY:FDRLIB
C
C METHOD
C The data is transformed. The Powsr s-.ectrumi for rti:ch
C channel, the trace spectrunm, the ccher'eihc specLrum Z:rid
C the Phase spectrums are calculated. Tlhese are eac-h out;put,
C along with the corresponding values of frecuenc., NEST (as
C used in the offline analysis FPpograms), znd SE (as used iri
C the RTGAIW Pro-eram).
C

COMMON /DATPAS/ DATA(512,4),FXI( 512P4),N0r'TFT,NAF'IrEC
COMMON /DETEK/ I'ETR(50q5,),II1IREC,INULL
COMMON /SPEC/ SNATR(256),SE(2 ,6),NFEC,NHALF,N4'O,FNDF'

P DIMENSION S12R( 256 ),S121( 256 ),FRE( 256 ),TfRACE( " 26 CHAN'
DIMENSION S 1(256),S22(256 ),COHXY(256),FHIXY(256 ),IIE( 2 )
EQUIVALENCE (SI2R( 1 ),DETR( 1 1) ),( S21(1 ),iDETR( 1,7)
EQUIVALENCE (FREQ(1),DETR(I,25)),(TRACE(1)9DETR(1,31))
EQUIVALENCE (SI1(1),DETR(1,13)),(S22(1),IIETR(i,19))
EQUIVALENCE (COIAXY( 1 ) ,ETR( 1,37 )),(PHIXY( I) IIETR( Iv43)

0 EQUIVALENCE (ISE(1),SMATR(1))
DATA CHAN/3RR'G, 73HERE, 3HTER 3HROS ,3HRTGr 3HAUR, 31-VEE ,3!IN[LW/

C

C Program initialization area
C

TYPE 5
5 FORMAT(' ENTER IBKNR, IXCH, IYCH, NARRAYNSMO, NtVEL L. ,NF NPkN11

ACCEPT 10,IB(KNR,IXCH,IYCHNARRAYSO,NBELL.NOF',4F'RIJ'T
10 FORMAT (8110)

IF (NPRINT.EQ ,) NPRINT=45



IF (NOP.En.0) NOP=512
IF (NSMO.EflO) NSKO=3

j U SINT=1.
IXCH=IXCH+1
IYCH=IYCH+l
XCH=CKAW(IXCH)
YCH=CHAN( IYCH)
KREC=4
IUNIT=114NAR.RAY
NH ALFrNO P/ 2
RAt'=180./3. 141592
FNOP=FLOAT( t'!OP )
TOT IME=SI NT *FNO F
FZRO=1./TOTIME

9 tREC=4

IF GOR~YEQO C TO 11
SINT=.25b
I XCH= IXCH-4
I YCH=IYCH-4

C The ftollowin statemnrt should be removied when the n-6
C arraw is ex~panded to four' channels

KRFEC=3
11 READ' ( IUNIT ) ( (IIATA( .Js, EC )iJ=1 NOF' ), IREC-1 ,.FEC )

C

C Transf'orm, to freouencj doniin
C

DO0 15 IFEC=1vNREC
IF (IREC.E0.IXCH) CD TO 12
IF (IREC.EQ.IYCH) GO TO 12
CO TO 15

12 Do 13 I=1.NOP

13 CONTINUE
CALL [PC
CALL RAMP'
IF (NBELL.NEO) CALL HANW
CALL FF1

15 CONTINUE

C
C Cluaefecec n ~eta sii.t
C Cluaefeunvadseta sii-t

DO2 2,HL
DOES0T=FLOA( -i
FS(I =TLOT4I-E/E
SE( I )IMX( SI)
ISE( I )=FZRO*SESTI)

20 CNTNEI=ZOFS
20 E CNINUE0

IREO( 1)=O.
CRQ1)0

C
C Calculate Power spectrumi forr each channel
C

FNORh=I */( SINT*FNOF)
PPAX=-1.E+10
PMIN=+1 .E+10



DO0 30 I=ipNHALF
p Si 1(I )=( 1'AT A( Is I XCH )t*2iFXI( It I YCH- )34~2 )*.F'NOKM

S22( 1)=( I'ATA( It YCH )**2+FXI(I1.IYCHI)**2 ')ZfNOr v
S12R( I )=DATA( I, IXCH )*IaATA( Is, IYCH )-IFXI( It IYCH )*FXI( It JYCH
S121( I )=FX I( I i I XCH )*:tAT A( It I YCH >-1T~It IXCH )*:F I( Is IYCH
Si2R( I )S12R( I)*PNOR.M
S121( 1 )=S121( I )*'N1Z:M

p 30 CONTINUE
IF (NStIO.EQ.0) GO TO VS~
11(1RE C=NHAL F
INULL=NREC:
DO0 35 I=1,NSMO

CALL SMOOT
t 35 CONTINUE
Cqle** *** * *.* * * * ** * ** * ***** * * * ** * ** * * 0 **** ** * * * **

C
C Calculate traces cc'hereict an~d Phase spectrumsi
C

DtO 40 I=1vNHALF
TRACE( I )=S11 (I )+S22( I1
IF (PMAX.LT.TRACE~l)) FMAX=TRACE( I)
IF (PMAX.EQ.TRACE(I)) MAX=I
IF (PMIN.CT TRACE( I )) PMIN=TRArCE( I)

COHYY( I )=( S12P( I )*1f+S12I( 1 )*-2 S 511(1 )*:S2,2( I)
* PHIXY( I )=RAII*ATAN21( S121 ( I ),SI2,R( I)

40 CONTINUE

C
C Outr-ut results
C

TYPE 45, IIKNR
45 FORMAT('0SPECTRAL CALCULATIONS FOR P~LUCK '914)

TYPE 50oNSMO9NBELL
50 FORMiAT(5Xv'SPECTRUM SKOOTHEI",1I2f' TIMES; WJINDOWV'. 12)

TYPE 5'PMAXFREO( MAX )tPMINFF:EQ(MIt4)
55 FORMAT(5XP'MAXIMUM POWER',1PE1O,29' AT 'q0PF6.4,'HZ7'w/v

t, 5Xq'MINIMUM POWER:',1PE1O.29' AT 'i0FPF6.4sCHZ'
TYPE 60PXCHYYCH

60 FORMAT (' NEST',TlO,'FF:'EO',TlS,'SE',T2'5,A3,T36,
& 'COH',T44F'PHASE',T55,A3T639'Tr<ACE')
WJRITE ( 7 p65) 1 P ,FRED( I )y ISE( I )v S1 1( 1 ) YCcHXY. I ),f HIXY( I )w

S22(1I )tTRACL( 1) v 1=1 v NPR1NT)
* 65 FORMAT( I4,0PFIO.5,Il'r1PE10.2,0PF'F0.2FO21F'EIO.'2,F10.-

CALL EXIT
E ND



* yiJLIRARIAN V03.05K~: 8~88
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C*************** ASA.*FOR ****~**z**************
C
C D'ate of revision* 25-Jul-82
C

SUBROUTINE ASA

C: PURPOSE
C To calculate the inner Product of a vector with a matrix

C USAGE
C CALL ASA
C
C INPUT PARAMETERS
C None
C
C REMARKS
C None
C
C SUBROUTINES REQUIRED;
C SMOOT
C
C METI-IQI
C At each freauencv. each element of the sp'ectral matrix is
C multp'1ied bw the state vector according to the eouation
C 11 = ,A S A> / Tr(S),y where A is the state vectorv S is the
C spectral matrix, and D is the oua'dratic result.
C

COMMON /IIATPAS/ EATA52.4)vFXI(512t4 ),NOFPIC.NARR.AY,IREC,
COMMON /I;ETEFrJ tETR(50,50 ),I1IPEC9MREC
COMMON /SPEC/ IIETECT( 256 ),TRACE( 2156 ).NRECNHALFNSMOFNO0P
DIMENSION EIUMR(300),IUMI(300)'AR(4).AI(4)
DIMENSION t'UMl( 300 )YDUM2( 300)
EQUIVALENCE (11UM1( I ).DETR( 1.13 )h(11U2( 1 ).IE7R( 2,19))
EQUIVALENCE ( 1'UMR(I1),1;ETR( 1,1) ),( UMI( 1),IIETR( 1,7))
EQUIVALENCE (AR.(l1),t;ETR( 1.50) ),( A11 )PIIETR( 5,50) )

C
C Routine initialization area
C

IF.REC=MREC
IDlIREC=NHALF
MREC=2
DsO 5 J=1.NHALF

* IUM1(J)=0.
1UM2( . )=O.
TRACE( .J )=O.
DETECT( .J )=0.

5 CONTINUE
C ol o o o ~ o o " * # 0 0 4 0 0 61 01 . o o o o ~ o o o o o * o o o o o

IC
C For each element of sp'ectral itsatrix.

leO 60 I=1.NREC

IF (I .EQ, IREC) GO TO 60
110 40 K=19NREC

0 IF (K .EQ. IREC) GO TO 40

C ~Calculate value of spectral otatrix element
C

DO 10 .=11NHALF



II~UMI( J )=FXI( J3v I )*IiATA( .J 9K )-D'ATA( J.p I )*FXI( .3 YN
110 20 J=1.NSMO

CALL SOT
20 CONTINUE

C
C 'reniultiplw bv state vector

p C
DtO 30 J=1,NHAL.F

I'UM1( J )=I'UM1( J3 )+DUI4R( .3 )*AR( K )-IIUMI( .J )*.AI( K )
E'Ut2(. J =IUM2( .J )+1'UMR( .J M$I( K )+IUI ( J )*AR( K )
IF (I.EG.K) TRACE(J )=fTRACE(.J )+IIUMRCJ)

30 CONTINUE
40 CONTINUE

C
C Posthultiplv bw state vector,

110 50 J1NHALF
DETECT( .3 )=DIETECT( J3 )+IIUM1( J )*AR( I )+IIUM2(J )*AI( I)

LUM2(J )=0.
50 CONTINUE

60 CONTINUE
C
C Normalize result
C

110 70 J1IYNHALF
1ETEM J )=DETECT( J3 )/TRACE( .3)
IF (IG.NE.0) 1ETECT(J)=EETECT(J)**IG

70 CONTINUE
?IECIREC
RET UROJ
ENDI



C*************ZK** BEAMFL .FOR ***************************Z***********
C
C Date of revision: 25-Jul-82
C

SUBROUTINE BEAMFL
C
C PURPOSE
C To filter a multivariate time series through the modulation
C of the time series transform b the anPlication of a
C beant-steering algorithm
C
C USAGE
C CALL FEAMFL
C
C INFUT PARAMETERS
C None
C
C REMARKS
C None
C
C SUIROUTINES REQUIREID
C ASA, FFT
C
C METHOD
C After transforming to the freQuency domain, the inner Product
C of the state vector with the spectral matrix is calculated at
C each freauency, which is then multiplied bw the transform of
C the data. The filtered data is then transformed hack to the
C time domain.
C

COMMON /IIATPAS/ IATA(52,4),FXI(512,4),NOFNSTRTNARRAYIREC
COMMON /IDETEK/ tETR(50,50),IIIRECMREC
COMMON /SPEC/ SNATR( 256 ), TRACE< 256 ),NRECIHALFNSM?,FNOP

C

C Transform to freauencw domain and calculate inner Product
C

NHALF1=NHALF+I
IIIREC=1
110 20 IREC=INREC

IF (IREC .EQ. NREC) GO TO 20
IO 10 I=1NOP

FXI( IIREC)=0.
10 CONTINUE

CALL FFT
20 CONTINUE

CALL ASA

C
C Impress result on transformed data
C

SMATR( 1 )=0.
D'O 50 I=INREC

IF (I .EO. MREC) GO TO 50
DO 30 J=INHALF

* IIATA( J, I )=BATA( J , I )*SMATR( J)
FXI(J,I )=FXI(JI )*SMATR(J )

30 CONTINUE
DO 40 .=2,HALF

JJ=NOP-J+2



DATA( JJ rI )=DATA( JJ 9I )*StMATR( J
FXI( JJ rI )=FXI( JJvI )gSfATR( J

40 CONTINUE

FXI(NHALFliI )=0.
50 CONTINUE

C
C Transform to time domain
C

IIIRE C =-1
DO0 70 IRECl19NREC

IF ( IREC .EQ. MREC ) GO TO 70
DO 60 J=lvNOP

t PDATA(.JvIREC)=DATA(JYIREC )/FNOP
FXI(.Jv IREC )FXI( JIREC )/FNOP

60 CONTINUE
CALL FFT

70 CONTINUE
RETURN
END1



C

C Date of revision' 20-Apr-82
C

SUBROUTINE TIC

C
C PURPOSE
C To remove the average value from a data string
C
C.. USAGE
C CALL IC
C

C INPUT PARAMETERS
C None
C
C REMARKS
C None
C
C SUBROUTINES REQUIRED
C None
C
G METHOD
C The average value of the data string is calculated and
C subtracted from each data Point.
C

COMMON /EIATPAS/ DIATA(512v4),FXI(512,4),NDPNSTRT,NARRAYIREC
FNOP=FLOAT( NOP)
AVE-O.
D1O 10 I=INOP

AVE=AVE+IIATA( Iv IREC)
10 CONTINUE

AVE-AVE/FNOP
DO 20 I=INOP

IIATA( I i IREC )=IIATA( I Y IREC )-AVE
20 CONTINUE

END

E Nt

.. .U. .I I I I I II I I -



C*****~.******* FF1 ,FOR ********************
C

C Irate of revisior,' 25-Jul-82
C

SUBROUTINE FFT
C

PURPOSE
C To Perform the forward or inverse Fourier tr.nsform
C
C USAGE
C CALL FFT
C IIIREC must be +1 for forward transform, or -1 for inverse.
C

t C INPUT PARAMETERS
C None
C

REMARKS 
C The number of Points in the data string must be a Power of 2.
C The input data string is lost in the transform Process.
C When Performing the inverse transform, the input data should
C first be normalized by the number of Points.
C
C SUBROUTINES REQUIRED
C None
C
C: METHOIv
C A simple ftst Fourier transform performin- a "shuffle" fillowP
C by a "butterfly." See "The Fast Fourier Transform" by Brighpm
C for more information.
C

DIMENSION INt(512),ST(512),CT(512)
COMMON /IIATFAS/ PATA(512,4),FXI(512.4),NOPNSTRTNARRAY,IF:EC
COMMON /IIETEK/ DETR(50,50),IDIRECINULL
COMMON /SPEC/ SMATR(256),TRACE(256),NRECNHALFNSMO,FNOP
EQUIVALENCE (CT(1),DETR(1,1)),(ST(1),IIETR(112))
EQUIVALENCE (INI( I ),IETR( 1,23))

C.. * ' 4 4 4 4 4. 61 0040 4 4* 44 44 *4 *4* 4* 0 0 60 4 4.,. *4 04.4 * 4 4 4. . .4 4 4~

C

C Program initialization area
C

IIREC=FLOAT( IIIREC)
OMEG=-3. 14159/FNOP
DO 5 I=1,NOP

ARC:FLOAT( 1-1 )*OMEC
ST( I )=SIN( ARG )
CT( I )=COS( ARG )
IND( I )=I
FXI( I, IREC )=FXI( I, REC )*DIREC

5 CONTINUE
C
C
C. Shuffle
C

1l0 35 I=1,NOP
IF (1-J) 10,15,15

10 IT-INII( J )
I ND( J )=INRD( )

IN11( I )=IT
15 M=NHALF



20 IF ( .- M) 30930925
25J J=J-M

GO TO 20
30 J=J+M
35 CONTINUE

r C IButterf lv
C

MAX~1
40 IF ( MAX-HOP) 45 9609 60
45 ISTEP=2*MAX(

NST E P OP / tAX
DO0 55 M=11MAX

K=( M-1 i*NSTEP+l
SS=ST( K )
CC=CT( K)
DO0 50 I=tid4OPYISTEP

J1I+MAX
TR.=CC*t'ATA( INDt( J ),IREC )-SS*FX(I( IND4t( J )IREC)
TI=CC*FXI(INI'(J ),IREC )+SS*IIATA( INE(J ),IREC)
DATA( INDI( .J ) rIREC )=DATA( INDI( I ) tIREC )-1'R
DIATA( INI'( I) g I REC )=IIATA( IND'( I ) r REC )+TR
FXI( IND1( .J )..IREC )=FXI ( ]NII( I ) tIREC )-TI

50 CONTIN 1 ),IREC )FXI ( INI( I ) fI REC )+TI
50 CONTINUE

MAX=1STEP
GO TO 40

C

c output reshu1ffle
C

60 DO0 65 1I1It4op
ST ( I NII( I ) )=tIATA( It I REC)
CT( INDI( I ) )=FXI( I or IREC)

65 CONTINUE
lDO 70 I=1,NDP

DIATA( I v IREC: )=ST( I)
FXI( IIREC )CT( I

70 CONTINUE
RET URN
ENDI



C****:*:****. * FFT *FOR *****************t
C

SUBROUTINE FFT( ITiIREC)}

C Date of revision: 19-Jui-82 (,14 r'-' ..... ' ' r

C
C PURPOSE
C To Perform the forward or inverse Fourier transform
C
C USAGE
C CALL FFT(IDIREC)
C
C INPUT PARAMETERS
C IDIREC - Direction of transform: +1 if forward, -1 it inverse
C
C REMARKS
C The number of Points in the data string must be a power of 2.
C The input data string is lost in the transform Process.
C When Performing the inverse transformt the input data should
C first be normalized bw the number of Points.
C
C SUBROUTINES REOUIRED
C None
C
C METHOD
C A simple fast fourier transform Performing a Oshuffle" followed
C bv a "butterflw." See "The Fast Fourier Transform" bw Brigham
C for more information,
C

DIMENSION IND(512),ST(512),CT(512)
COMMON /11ATPAS/ DATA(512,4),FXI(512,4),NOP,NSTRT,INARRAYIREC
COMMON /IDETEK/ DUMMY(256,4)
COMMON /SPEC/ SMATR( 256 ),TRACE( 256 ),NRECNHALFNSOFNOP
EQUIVALENCE (CT(1),DUMMY(1,1)),(ST(1),IIUMMY(1,3))

C
C Program initialization area

* C
IIIREC=FLOAT( IDIREC)
OMEC=-3.14159/FNOP
DO 5 I1INOP

ARC=FLOAT( I-1 )*OMEG
ST( I )=SIN( ARG)

0 CT( I )=COS( ARG)
INDt( I )=I
FXI( I IREC )=FXI( I, IREC )*DEIREC

5 CONTINUE
C..... *..e* . ., 4*~44* *44e 4. * 44*@ @e44*@ * *4#e*@* ***9 @ ****ee* * * *

C
0 C Shuffle

C
J=1
DO 35 I=INOP

IF (1-J) 10,15,15

10 IT=IND( .J )
6 IND( J )=IND( I )

IND( I )=IT
15 M=NHALF
20 IF (J-N) 30,30125
25 J=J-M



M=( Mil V2
Go To 20

30 J=.J+M
35 CONTINUE

C
C B:utter f I

9 MAX=1
40 IF (MAX-NOP) 45t60t60
45 ISTEP=2*MAX

NSTEF=NOP/MAX
1D0 55 M=1vMAX

K=(K-I )*NSTEP+i
SS=ST( K)
CC=CT( K)
DO 50 I=MtiOPwISTEP

.J=I+MAX
TR=CC*DATA( INt(J )tIREC )-SS*FXI( INII( J )IREC)
TI=CC*FXI( IND( J ),IREC )+SS*DATA( INI( J ),IREC)
DIATA( INI( J )v IREC )=DIATA( IND( I ) PIREC )-TR
DATA( INI( I )q IREC)=DATA( N14( I ) 9 REC )+TR
FXI( INDI( .J ) 9IREC )=FXI( IMI1( I )o IREC )-TI
FXI( IND( I )v IREC )=FXI( INle( I )v IREC )+TI

50 CONTINUE
f 55 CONTINUE

MAX=ISTEP
GO TO 40

C

C Output reshuffle
* C

60 I'0 65 I=11NOP
ST( INII( I ) )=DATA( I ,IF(EC)
CT( INDI( I ) )=FXI( I v IREC)

65 CONTINUE
[D0 70 I=1YNOP

DATA( I PIREC )=ST( I)
FX I( I vI REC)=CT( I)

70 CONTINUE
RETURN
E N11



C**************HANW .FOR
C
C Vate of revision* 20-Apr-82

SUBROUTINE HANW
C
C PURPOSE
C To shape a data string with a Hanning (cosine bell) window

t C
C USAGE
C CALL HANW
C
C INPUT PARAMETERS
C None

r' C
C REMARKS
C None
C
C SUBROUTINES REQUIREI
C None

t C
C. METHOD
C Each data Point is multiplied bw (I + cos(ARG)) where ARC is
C determined bu that data Point's Position in the data string
C

COMMON /VATF'AS/ rEATA( 512,4 ),FXI( 512,4 ),NOP,NSTRTNARRAYIREC
PI=3.141592
FNCP=FLOAT( NOP)
D1O 10 I=1,NOP

X=FLOAT( I)
ARG=( X-FNOP/2. )/( FNOP/2.
DATA( I, IREC )=DATA( I, IREC )*( 1 I+COS( PI*ARG) )/2.

10 CONTINUE
RETURN
END

I'

9

-



C***********LSQRS,*F OR *********************
C
C Date of revision: 20-Mav-82
C

SUBROUTINE LSORS
C
C PURPOSE
C A swstem optimized version of a least-souares Procedure for
C the direct estimation of azimuth and velocitv of a Propagating
C wave. (Flinn & McCowan, 1970)
C
C USAGE
C CALL LSORS
C
C INPUT PARAMETERS
C None
C
C REMARKS
C This routine is an adaption of BEMEST for use with the ANTWRK
C routines. BEMEST was written bw D. Spell for use with the
C RTGAIW system. XBIF, YDIF# TDIF are differences between Pairs
C of an array. The differences are ordered 1-291-3,2-3 on
C the T aprray and 1-2,1-3,1-4,2-3,2-4,3-4 on the F array. n.b.
C When the F arrat onlw has three channels, the caller must
C arrange the channel dimensions to conform.
C
C SUBROUTINES REQUIRED
C None
C
C METHOD
C Conpute the generalized inverse matrix of station separations.
C This reouires the "left-inverse" of the non-swmmetric matrix
C [H], given bv: (1/[H]'[H]))H]' where [H]' is the conjugate
C transpose of EH].
C

COMMON /AZIMUT/ AZIMFvVELOCAZVARVEVAR
COMMON /CORPAS/ TIIIF(6),RHO(6),XDIF(6),YDIF(6),INRDIFMREC
DATA RADDEG/57.29578/

C
C
C Routine initialization area
C

13 XBYX = 0.
YBYY = O.
TBYT = 0.
XBYY = 0.
XBYI = 0.
YBYT = 0.
DO 15*1 = 1,INRDIF
XBYX = XBYX + XIDIF(I)*I*2
YBYY = YBYY + YDIF(I )*2
TBYT = TBYT + TDIF(I)**2
XBYY = XBYY + XDIF(I)YDIF(I)
XBYT = XBYT * XDIF( I )*TDIF( I)

15 YBYT = YBYT + YDIF(I)STDIF(I)

C
C Find azimuth (degrees) and velocitw (meters/second).
C

[ET = 1./(XBYX*YBYY - XBYY*2)

S



Fl =(YBYY*XBYT - XBYY*YBYT)*IET
F2= (XBYX*YI(YT - XBYY*XBYT)*IET

P THETA = ATAt42(FlPF2)
IIENOM = SORT(Fl**2 + F2**2)
IF ( DENOl .EQ. 0. ) GO 'TO 22

c
20 VELOC = I./I'ENOUI

AZIMF = THETA*RA'1EG
IF '(AZIMF .LT* 0.) AZIMF =AZIMiF + 360.

c
FlFi Fl*Fl
FlF2 = Fl*F2
F2F2 =F2*F2
V2 =VELGC**2

t ~ V4 =VELGC**4
FBYI = FlFl*XBYX
FPY2 = F2F2*YICYY
FPY3 = -FlF2*X(YY
F14Y4 = FIFl*YBYY
FBY5 F2F2*XBYX
TERRSO = AT(S(TRYT - FRYI - FBY2 + 2*FBY3)
XONE =TERRSQ*V4*:IET

C
VEVAR =SQRT(V2*X0NE*(FBY4 + FIRY5 + 2*FBY3))
AZYAR =SORT( XONE*( FRY2 + FECYl - 2*FBY3 ))*RADJTEG

IF (IMRIIIF .EQ. 3) GO TO 22
VEVAR = .25*VEVAR
AZVAR = .25*AZYA:

C
22 RETURN

ENDI



C*******c**********W RAMPIFOR *********************************
C
C late of revision-. 20-APr-82
C

SUBROLITINE RAMP
C
C PURPOSE
C To remove the linear trend from a data string
C
C" USAGE
C CALL RAMP
C
C INPUT PARAMETERS
C None
C
C REMARKS
C None
C
C SUBROUTINES REQUIRED
C None
C
C MET HOD
C The straight line that best a'Proxinmates the data string is
C calculated using a least-souares aPProach, and then subtracted
C from the data string.
C

COMMON /IIATPAS/ DATA(512,4),FXI(5124),NOP,NSTRTNARRAYIREC
SAX=O.
SA=O.
SX=O.

SXX=O.
FNOP=FLOAT( HOP)
110 10 I=I,NOF

X=FLOAT( I )
SAX=SAX+IIATA( I IREC )*X
SA=SA*:DATA( I, lREC)
SX=SX+ x
SXX=SXX+X*X

10 CONTINUE
Rti=( SAX*FNOP-SAZSX )/( SXX*FNOP-SX**2)
C=SA-RM*SX
C=C/FNOP
DO 20 I=INOP

X=FLOAT(I )
IATA( I IREC )=DATA( I, IREC )-RM*X-C

20 CONTINUE
RETURN

END



C*******.************* SELECT .FOR ******I**Z******Z*********2*Z*
C

C Date of revision: 9-Eec-81
C

SUBROUTINE SELECT
C
C.: PURPOSE
C To select a Portion of a data string
C
C USAGE
C CALL SELECT
C
C INPUT PARAMETERS
C None
C
C REMARKS
C None
C
C SUIROUTINES REQUIREI
C None
C
u METHOII
C NOF' Points starting at NSTRT are selected from the data string
C

COMMON /EIATPAS/ IIATA( 512,4 ),FXI( 512,4 ),NOP,NSTRTNARRAYIREC
* 1O 10 I=1 wNP

L=NSTRT+I-1
DIATA( I, IREC )=IIATA( L, IREC)

10 CONTINUE
RETURN
END

9
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C***********~** SMOOT.*FOR ****~*******~****
C
C ate of revision** 1-Oct-B2
C

SUBIROUTINE SMOOT
C
C PURPOSE
C To Perfor, a three Point siootrtinsi

t C
C USAGE
C CALL SMOOT
C
C INPUT PARAMETERS
C None
C
C R:EMARK(S
C None
C
C SUBROUTINES REQUIRED
C None
C
C METHOD
C The value of each Point is. added to half the value of each
C adjacent Point, the sum being then normalized.
C

tCOMMON /EIETEK/ t'ETR( 50r50 ),NOP NREC
DIMENSION tlUtiIY(300p8)
EQUIVALENCE (EIUMMY( 1,1)yI'ETR( 1,1))
NM1=NOP-1
NM2=NMl -1
DtO 20 t=IPNREC

TEMP 1=0.
TEMP2=( UMMYC 1 ,K)+1'UtIMY( 2iK))/2.
TEMP3=(DEUMMY( NOP#K )+IIUMMY( NM lK >)/2.
DO 10 =2tNi1

IF (J.GT. 0) DUMMY( J 0()TEMP1
TEMP 1TEMP2
TEMP2=(DEUMIYC I K )+(DIUMMY( I-IvK )+IIUMliY(1+1 K ))/2 )/2.

10 CONTINUE
PUMMY(NM2,K )TEMP1
PUMMY( NMI ,()=TEMP2
IIUMMY( NOF' K )TEMP3

* 20 CONTINUE
RETURN
E Ni



C***~*~**********SPECTR*FOR z*:***t********
C

C fDate of revision: 25-Jul-82
C

SUBROUTINE SPECTR
C
C PURPOSE
C To calculate the trace spectrum
C
C USAGE
C CALL SPECTR
C
C INPUT PARAMETERS
C None
C
C REMARKS
C The time series data is replaced with its Fourier transform
C
C SUBROUTINES REQUIRED
C PC, RAMP, FFT, SMOOT
C
C METHOD
C The average and linear trends are removed from the time series
C data before transforming to the freauencw domain. The diagonal
C terms of the spectral matrix are calculated and summed.

t C
COMMON /DATPAS/ DATA(512v4), FXI(512,4),NOPMRECNARRAYIREC
COMMON /ItETEK/ PETR(50,50), ID IREC, INULL
COMMON /SPEC/ SMATR(256)YTRACE(256),NRECNHALFNSMOFNOP
DIMENSION S(300v4)
EQUIVALENCE (S(1,1)vIDETR(1,1))

C

C Initialize subroutine and transforn, data
C

IIIIREC=1
SINT=1.
IF (NARRAY.EQ.1) SINT=.25
FZRO1=./( SINT*FNOP)

C
1O 15 IREC=1NREC

D0 12 I=1,NOP
FXI( I,IREC)=00

* 12 CONTINUE
CALL DC
CALL RAMP
CALL FFT

15 CONTINUE
C

* C
C Calculate freauenc estimates
C

DO 20 I=2,NHALF
SIATR( I )=FZRO*FLOAT( 1-1)

20 CONTINUE
* SMATR( I )=0.

C
C Calculate trace
C



DO0 30 I=1"NHALF
DO0 25 IREC=1PNREC

S( IIREC )[IATA( I 'IREC )**2+FXI( IIREC )**2
25 CONTINUE
30 CONTINUE

C
IF (N'SO*EQ.O) GO TO 35
IDIREC=NHALF
INULL=NREC
DO0 35 Th1PNSMO

CALL SIKOOT
35 CONTINUE

C
DO0 45 I=IYNHALF

TRACE (I )=0.
DO 40 IFZEC=1tNREC

IF ( IREC *EQ. tREC) GO TO 40
TRACE( I)=TR.ACE( I)+S( IvIREC)

40 CONTINUE
45 CONTINUE

RET URN
E ND



C********************** XCORR .FOR Z********************Z *******
SC

C Date of revision: 25-Jul-82

C
SUBROUTINE XCORR

C
C PURPOSE
C To calculate the cross-correlations and time lags between
C all station pairs in a 3 or 4 charnei sustem
C
C USAGE
C CALL XCORR
C
C INPUT PARAMETERS
C None
C
C REMARKS
C None
C
C SUPROUTINES REQUIRED
C None
C
C METHOD
C The cross-correlation between two data strings is calculated
C from -32 to +32 Points lag. The maximum value and the time
C lag associated with it are then returned to the main program.
C

COMMON /CORPAS/ DEL.T( 6), CORR( 6), DELX( 6), I1EL.Y( 6), NOSPMREC
COMMON /DATPAS/ DATA(512,4),FXI(512,4),NOPNSTRTiNARRAYIREC
DIMENSION H(65),J(65)
EQUIVALENCE (H(1),FXI(1,2)),(J(1),FXI(1I1))

C

C Routine initialization area
C

NOS=3

NOSI=NOS+I
NEG=-I
N=O

C
C
C Start loops for station Pairs
C

DO 50 IX=1,NOS
IF (IX .E0, MREC) GO TO 50
KY=IX+I
DO 40 IY=KYgNOS1

IF (IY .EQ. MREC) CO TO 40
N=N+I$ C

C Calculate normalization factor
C

XSQ=0.
YSQ=0.

Z DO 10 1=1,NOP
XSQXSQ+DATA( I, IX )**2
YSQ=YSQ+DATA( I, IY )*2

10 CINTINUE
HNORM'SQRT( XSQ*YSQ)

C
8



C Calculate cross-correlation for each value of lag
C~NUM= 1

DO 30 I=1,65
J( I )=I-33
H( I )=0.
1O 20 K=lNOP

L=K+J( I)
IF((LLE.0).OR.(L*CT.NOP))GO TO 20
HN=DATA( LIX )*DATA( KPIY)
H( I )=H( I )4HM

20 CONTINUE
H( I )=H( I )/HNOR
IF (H(I).CE.H(NUK)) NUM=I

30 CONTI NUE
C
C Ieterbine maximum values
C

CORR( N )=H( NUM)
BELT( N )=FLOAT( NEG*,J( NUM))
IF ( KARRAY.EQ. 1 DELT(N)=IIELT(N)/4.

40 CONTINUE
50 CONTINUE

RETURN
ENI
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